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ABSTRACTS OF CURRENT PUBLISHED INFORMATION 


ON NICKEL AND ITS ALLOYS 


NICKEL 


Colorimetric Micro-Determination of Nickel 


A. J. CAMERON and N. A. GIBSON: ‘The Colorimetric 
Micro-Determination of Nickel as Triphenylmethyl- 
arsonium Bis-Dithio-Oxalato Nickelate (II).’ 

Analytica Chimica Acta, 1961, vol. 24, Apr., pp. 360-4. 


Studies of the suitability of the triphenylmethyl- 
arsonium cation for use, in conjunction with an 
extractive technique, in the colorimetric micro- 
determination of iron, copper and cobalt have been 
previously reported. In this paper the authors 
suggest the use of the same cation, together with the 
reagent potassium dithio-oxalate, for colorimetric 
determination of micro quantities of nickel. 

The procedure described involves the formation 
of [Ph,MeAs], [Ni(C.S,0,).] and its extraction into 
an organic solvent. Since the extracted compound 
is strongly coloured, its concentration is measured 
without further treatment. The technique is stated 
to be applicable to determination of nickel in the 
range 25-250g., and the average error is no greater 
than 1 per cent. Iron, cobalt and copper seriously 
interfere, and a simple method is suggested for their 
removal. 


Production of Catalytically Active Nickel by 
Reduction in Liquid Ammonia, 


G. RIENACKER and G. ROLOFF: ‘Preparation of Cataly- 
tically Active Nickel by Reduction in Liquid 
Ammonia.’ 
Zeitsch. anorganische Chemie, 1961, vol. 308, No. 1-6, 
pp. 263-73. 


In view of the fact that the catalytic activity of 
nickel is influenced by the decomposition or reduction 
temperature employed in its production (optimum 
results being associated with use of the lowest possible 
temperature), in the work reported the authors 
studied the preparation of highly dispersed metallic 
nickel at low temperature (i.e., in liquid ammonia). 

Highly dispersed nickel (admixed with the hydroxide 
of the respective reducing agent) was prepared by 
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reducing [Ni(NH3).s](NO;). in liquid ammonia by 
elemental sodium, potassium or calcium. 

The catalytic activity of the products formed by 
sodium and potassium was found to be small, but 
the products obtained by calcium reduction (highly 
dispersed nickel on a calcium-hydroxide carrier) 
proved to be excellent catalysts for hydrogenation 
of benzene. 


Anodic Polarization and Passivity of Nickel and 
Nickel-Copper Alloys in Sulphuric Acid 


J. OSTERWALD and H. H. UHLIG: ‘Anodic Polarization 
and Passivity of Ni and Ni-Cu Alloys in Sulfuric 
Acid.’ 

Jnl. Electrochemical Soc., 
pp. 515-9. 


The potentiostatic study reported by the authors 
was undertaken to obtain data on the anodic polar- 
ization of nickel (at 25° and 40°C.) and _ nickel- 
copper alloys (at 25°C.) in de-aerated 1N sulphuric 
acid. 

The critical potential for passivity of nickel was 
found to follow the relation: Ey (25°C.)=—0-125 
+0-059 pH. The critical current density (ma./cm.?) 
followed the relation: log. i (25°C.).=—0-:76 pH 
+log. 27. At 40°C. the critical potential was, 
within the limits of experimental error, the same as 
at 25°C.; the critical current density for passivity 
or for maintaining the passive state was higher. 
A Tafel relationship held in the transpassive region, 
with a slope of 0-140 v. (25°C.) which was inde- 
pendent of pH. 

The data show that the critical current density for 
passivity, and the minimum current density to main- 
tain passivity, move to higher values as copper is 
alloyed with nickel. At copper contents above 
about 70 per cent., vestiges of passivity are lost, 
and the alloy behaves the same as copper. This 
critical alloy composition is related to a filled d 
band electronic structure, corresponding to the 
relatively short life of the adsorbed passive film 
above about 70 per cent. copper. The thermodynamic 
properties of the passive film are discussed. 


1961, vol. 108, June, 





























Dynamic Modulus of Elasticity of Nickel 
at Elevated Temperatures 


See abstract on p. 227. 


Influence of Undercooling on the Grain-Size of 
Nickel 


J. L. WALKER: ‘The Influence of Large Amounts of 
Undercooling on the Grain Size of Nickel.’ 

Physical Chemistry of Process Metallurgy. Part Il. 
Metallurgical Soc. Conferences, 1961, vol. 8, pp. 845- 
53. 


In the work described, carried out to determine 
the influence of undercooling on the grain structure 
of nickel, the author found that specimens subjected 
to undercooling up to approximately 140C.° con- 
tained only a few grains (it is presumed that the 
grains formed in this range of undercooling nucleated 
on a few solid impurity particles accidentally in- 
cluded in the system), that a sharp decrease in grain 
diameter occurred at undercoolings between 140° and 
150C.°, and that at larger undercoolings the diameter 
remained relatively constant. 

This grain-size transition is explained in terms of 
the mechanical disturbance caused by the rapid 
change in volume at very high freezing rates. 


Surface Diffusion During Sintering of Non-Compacted 
Mixtures of Nickel and Copper Powders 


K. TORKAR and H. NEUHOLD: ‘Surface Diffusion 
During Sintering of Uncompacted Powder.’ 
Zeitsch. f. Metallkunde, 1961, vol. 52, Apr., pp. 209-14; 
disc., pp. 214-5. 


The role of diffusion in the sintering of metal powders 
has been studied mainly in relation to lattice diffusion 
and grain-boundary diffusion, and surface diffusion 
has received relatively little attention. In the work 
now reported the authors therefore investigated the 
surface diffusion of copper on nickel during sintering. 

Nickel powder was mixed with copper powder in 
a ratio of 1/2 by weight, and heated, without prior 
compacting, in hydrogen for 4-24 hours at temper- 
atures in the range 800°-1050°C. The density of the 
sintered specimens was determined, and, after 
treatment to fill the pores, metallographic specimens 
were prepared for measurement of the diffusion 
zones. The extent to which diffusion had occurred 
was established by a magnetic technique which made 
use of the fact that at room temperature the Curie 
point of nickel-copper solid solutions occurs at a 
copper content of 32 wt. per cent. The boundary 
between the ferromagnetic and non-ferromagnetic 
zone is made visible under the microscope by ex- 
posing the specimen to a magnetite suspension 
which accumulates at the boundary region. 

It is concluded that surface diffusion plays an im- 
portant rdle in sintering, at least with uncompacted 
powders. The data show that diffusion occurs 
first over the surface of the powder and then pene- 
trates into the particle. 


The authors advance a rule which permits deter- 
mination of activation energies for various types of 
diffusion. A relationship can be established between 
the various activation energies and the normal lattice 
energy which, within certain limits, is a constant. 

The Arrhenius relation for diffusion is extended 
and so interpreted as to enable calculation of the 
diffusion constant of a given material. 


Kinetic Study of the Thermal Decomposition of 
Nickel Formate 


K. KROGMANN: “The Thermal Decomposition of Nickel 
Formate.’ 

Zeitsch. anorganische Chemie, 1961, vol. 308, No. 1-6, 
pp. 226-41. 


The author’s study of the kinetics of thermal 
decomposition of nickel formate in vacuo was carried 
out with two principal aims in mind: (1) to obtain 
information on the general course of the decomposi- 
tion, and, in particular, on the growth of nickel 
nuclei; (2) to determine the gaseous products and 
to establish which of these influence the reaction. 

The data reported are regarded as consistent with 
the assumption of a three-dimensional growth of 
metallic nuclei which governs the initial rate of the 
reaction. Low water-vapour pressures delayed the 
initiation, and decreased the rate, of decomposition; 
small amounts of oxygen could, it was found, inhibit 
the reaction. 

The activation energy of the reaction was established 
as 54-0 kcal/mole. Apart from metallic nickel, the 
products of the reaction comprised (in a molar 
ratio of 1:1:1:3) H., H,O, CO and CO. 


Controlling Gas Defects in One-Coat Enamelling 
See abstract on p. 217. 





ELECTRODEPOSITION AND 
OTHER COATING METHODS 


Present Status of Decorative Nickel/Chromium 
Coatings 


Ww. BLUM: ‘The Present Status of Decorative Nickel- 
Chromium Coatings: A Survey.’ 


Plating, 1961, vol. 48, June, pp. 613-24. 


In the past few years considerable research has been 
carried out to determine the causes of failure in 
nickel/chromium electrodeposited coatings and to 
ensure satisfactory performance in service. The author 
has carried out a survey of recently published papers 
concerned with such work, and has evaluated the 
data reported. In this paper (in which reference is 
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made to a bibliography of 62 items) he summarizes 
the findings of the survey, and makes suggestions 
with regard to aspects of the problem whose explor- 
ation might be expected to yield fruitful results. 
The information reviewed relates mainly to coatings 
applied to steel or zinc-base die castings, and the 
experience and needs of the automobile industry 
have been emphasized. 

After briefly discussing the events which led to the 
intensification of work on the corrosion-resistance 
of nickel/chromium deposits, the author, in the 
first section of his survey, comments upon data 
published on methods of testing. In this connexion 
he considers preparation of specimens, accelerated 
tests (neutral salt-spray ; acetic-acid/salt-spray; CASS; 
sulphur-dioxide ; — sulphur-dioxide/carbon-dioxide; 
‘Corrodkote’), static-exposure tests, service tests, 
and methods of rating performance. 

Correlation of accelerated tests with service or 
esposure tests forms the subject of discussion in the 
next section of the review, and consideration is then 
given to information on the effects of a copper 
undercoating on the corrosion-behaviour of nickel/ 
chromium coatings (a) on steel and (5) on zinc and 
zinc-base die castings. Data published on nickel 
deposits is surveyed in three subsections, concerned 
with the performance of, respectively, semi-bright 
nickel, double-layer nickel, and Watts nickel versus 
bright nickel, while, in the penultimate section of 
the paper, the author comments on work evaluating 
the performance (per se or as overcoatings) of 
conventional, micro-cracked, crack-free, double-layer 
and sandwich chromium. In the concluding section 
the author discusses the following factors, which, 
in the light of the review, he deems worthy of in- 
creased attention: preparation of specimens, acceler- 
ated tests, rating methods, electrochemical aspects. 


The results of the review are summarized in the 
conclusions quoted below. No attempt has been 
made to list the findings in order of importance. 


‘1. CASS and ‘Corrodkote’ tests yield good but 
not perfect correlation with exposure tests and 
service performance. 

‘2. Sulphur-dioxide tests serve principally to evaluate 
the continuity of the chromium layer, as they rapidly 
attack exposed nickel, but corrode copper very 
slowly. 

*3. Static-exposure tests in an industrial atmosphere 
are usually less severe than service performance. 
‘4. In accelerated and static-exposure tests a 
composite coating of copper plus Watts nickel on 
steel usually furnishes less protection than does an 
all-nickel coating with the same total thickness. 
In certain exposure and service tests with some bright 
nickels, copper was beneficial. 

‘5. Deposition of nickel on zinc-base die-castings 
with no initial copper layer is promising but not 
yet practical. 

‘6. Organic types of bright nickel that contain 
ulfur do not usually furnish as good protection 
as does buffed Watts nickel. 


‘7. Failure of bright nickel may be fostered by: 
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(a) its lower purity, (5) its brittleness, (c) its fine grain, 
(d) its stress, and (e) its laminated structure. These 
characteristics change during extended use of the 
baths. 


‘8. Sulfur-free semi-bright nickel is less susceptible 
to attack than is bright nickel. 


‘9. Duplex nickel coatings consisting of semi- 
bright plus bright nickel furnish better protection 
on both steel and die-castings than do coatings 
with the same total thickness of bright nickel; and 
about the same protection as does Watts nickel. 

‘10. Increasing the thickness of regular chromium 
above the customary 0-01 mil improves the protection 
but increases the tendency for crazing. 

‘11. Microcracked chromium yields improved per- 
formance in CASS tests, but usually with some loss 
of luster. 

“12. Crack-free chromium with a thickness of at 
least 0:03 mil usually yields better protection than 
does regular chromium as thick as 0:05 mil. 

‘13. Duplex chromium coatings with a total thick- 
ness of 0-03 mil of regular or crack-free plus micro- 
cracked chromium give improved performance in 
accelerated tests, but usually with some loss of luster. 

‘14. Sandwich chromium coatings, with a layer of 
chromium between two bright-nickel coatings on 
steel, or between copper and nickel on zinc, yield 
favorable results in static-exposure tests. 

‘15. Many of the above combinations are beneficial 
because they retard penetration of corrosion to the 
basis metal by fostering lateral corrosion of one or 
more layers. 

‘16. An important factor is the relation of the 
potentials of the metal layers and the direction and 
magnitude of the resultant currents.’ 


Corrosion Resistance of Nicke] Deposits: 
Influence of Chemical Treatment of the Steel 
Substrate 


M. H. JONES and J. SAIDDINGTON: ‘The Influence of 
the Physical Metallurgy and Mechanical Processing 
of the Basis Metal on Electroplating. VI. The 
Effect of Chemical Treatment of a Steel Base on the 
Corrosion Performance of a Watts Nickel Deposit.’ 


Plating, 1961, vol. 48, June, pp. 625-36. 


Within the scope of A.E.S. Research Project No. 14*, 
work has been in progress during the last five years 
on the influence of basis-metal variables on the 
corrosion-resistance of nickel deposits. The pro- 
gramme has been confined to study of ferrous 
substrates, and has included examination of such 
factors as the nature and composition of the steel 
basis metal, the effect of mechanical polishing, and 
the influence of stretching. The implication of the 
previous investigations has been that, for the most 
part, corrosion effects attributable to the basis metal 
are associated primarily with the surface layer, 
and, in consequence, it should be possible to reduce 





a 2 : oe of Part VI see Nickel Bulletin, 1960, vol. 33, No. 4, 
pp. /0-/. 
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or eliminate these effects by suitable chemical treat- 
ment prior to plating. In the study now described, 
the authors have therefore compared a number of 
different chemical and electrochemical treatments 
in relation to their effect on the durability of a Watts 
nickel deposit, using basis-metal conditions known 
to be associated with poor durability. For practical 
reasons, the treatments chosen were those commonly 
used in the plating industry, and included some in 
which the nature of the basis-metal surface is changed 
by appreciable stock removal. 

The following basic chemical treatments were 
selected for investigation: 





Type Time Current 
Density 





8% H2SO, dip; room | 15 sec. — 


temperature 
6% HCl dip; room| 1 min. _— 
temperature 
6% HCl dip; room; 5 min. —_ 
temperature 


25% H,SO, anodic etch; | 15 sec. | 200 amp./sq. ft. 
room temperature 21-6 amp./dm.? 
25% HgSO, anodic etch; | 45 sec. | 200 amp./sq. ft. 
room temperature 21-6 amp./dm.? 
75% H,SO, anodic etch; | 30 sec. | 100 amp./sq. ft. 
room temperature 10-8 amp./dm.? 
75% H,SO, anodic etch; | 90 sec. | 100 amp./sq. ft. 
room temperature 10-8 amp./dm.? 


Electropolish; 50°C. 1 min.| 150 amp./sq. ft. 
16-2 amp./dm.? 
Electropolish; 50°C. 5 min. | 150 amp./sq. ft. 


16-2 amp./dm.? 

















In all cases the treatments were preceded by a tri- 
chloroethylene degrease, and an anodic alkaline 
clean (NaOH 45 g./L., Na,CO; 29 g./L.; temperature, 
80°C.; current density, 100 amp./sq. ft. for 1-5 min.). 

The substrate (aluminium-killed steel) was subjected 
to each treatment in three different surface conditions: 





Stock Surface 

Type Removal Finish 
R.M.S. 

(mil) (# in.) 





Standard Surface— 
Laboratory Polishing 0:1 9-11 

Extended Surface— 
Laboratory - Polished 


and Stretched 30% 0:1 65-80 
Commercial Surface— 
Grease-Belt Polishing 2-3 35-45 

















The standard surface finish was selected as a control; 
the two other finishes had resulted in comparatively 
poor durability in tests in which a simple acid dip 
was employed as the chemical treatment. After 
treatment the specimens were nickel plated, in a 
Watts solution, to an average thickness of 1 mil, 
and the efficacy of each treatment was assessed 
in terms of the performance of the plated specimens 
after exposure to the ‘Corrodkote’ test for 4, 16, 
24 and 48 hours. 


Since the general study of the chemical treatments 
appeared to reveal an anomalous difference between 
hydrochloric-acid and sulphuric-acid dips, and since 
these treatments are often regarded as interchangeable 
in the industry, this effect was investigated in greater 
detail in a complementary phase of the investigation, 
using acids of the same normality (2N). A metallo- 
graphic study (based on the taper sectioning technique) 
was carried out to investigate the effect of the various 
chemical treatments on the nature of the basis- 
metal surface. 


The authors’ detailed analysis of the data obtained 
leads them to conclusions which they summarize 
as follows: 

‘It has been demonstrated that certain treatments, 
particularly anodic etching and electropolishing, 
can modify the surface condition of a steel base in 
a manner that influences durability. However, the 
effect is of limited scope and is dependent on both 
the nature of the surface finish and the treatment. 

‘With a well prepared surface, such as that obtained 
with laboratory polishing by hand, no difference 
in corrosion performance could be detected between 
simple acid dips which have a minimum effect on 
the surface and anodic etches which involve appreci- 
able stock removal. Thus there appears to be a 
level of surface finish at which optimum durability 
is obtained, and this is not improved by more severe 
chemical treatments. In fact it has been established 
that, with such a surface, prolonged electropolishing 
can result in a surface condition which is highly 
detrimental to the corrosion performance of a 
deposit. 

‘With surface finishes giving relatively poor cor- 
rosion-resistance, of which the stretched and com- 
mercially polished surfaces were chosen as examples, 
there is a trend for anodic etches and electropolishing 
to give better performance than conventional acid 
dips. However, within the reproducibility of the 
corrosion data, which was poorer than in previous 
experiments because of the difficulty of eliminating 
plating variability from the effect of treatment, the 
differences in durability were largely within the 
confidence level (five per cent.) chosen for the 
experiment. For the same reason, a clear distinction 
between the relative merits of the various electro- 
chemical treatments could not be made, although 
it is noted that the best performance was obtained 
with the 45-second anodic etch in 25 per cent. 
sulphuric acid. 

‘It has been shown that there is no difference between 
dilute hydrochloric- and sulphuric-acid dips of the 
same duration, although there is a trend for increased 
immersion times to give better durability with a 
poor surface finish.’ 


Nickel-Ball Plating Anodes 


‘Nickel-Ball Anodes Aid Plating: New Concept in 
Basket Design Offers Major Benefits.’ 
Iron Age, 1961, vol. 188, July 13, p. 97. 

This article draws attention to a new nickel-plating 
anode developed by Univertical Corporation, Detroit. 
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The anode consists of a perforated cylindrical basket 
(made from commercially pure titanium) which holds 
a supply of 2-in.-diameter (5-cm.-diameter) nickel 
balls. 

Conventional nickel anodes corrode to about 
10-40 per cent. of their original weight, but with 
the new anode each nickel ball dissolves completely. 
There is no anode scrap, and, since anodes corrode 
at the bottom, the supply of nickel balls can be re- 
plenished through the top of the cylindrical basket, 
and very little time is lost due to shut down. The 
new set-up is therefore claimed to offer both econo- 
mic and technical advantages (thickness and plating 
efficiency are stated to be increased). 

The titanium basket does not corrode in the nickel- 
plating solution (its use in fluoride or fluoborate 
solutions is not, however, recommended), and since, 
at normal plating voltages, current will only flow 
at metal contact points, the titanium does not pass 
current to the electrolyte. 


Copper-Accelerated Acetic-Acid/Salt-Spray Test: 
A.S.T.M. Specification 


AMER. SOC. TESTING MATERIALS: ‘Proposed Tentative 
Method of Copper-Accelerated Acetic Acid-Salt 
Spray (Fog) Testing (Cass Test).’ 

Contained in Report of Committee B-3 on Corrosion 
of Non-Ferrous Metals and Alloys. 

A.S.T.M. Preprint 11, 1961, pp. 3-9. 


The specification stipulates requirements with respect 
to the apparatus and procedure to be used in em- 
ploying the copper-accelerated acetic-acid/salt-spray 
test as a specification test. The method is applicable 
primarily to the rapid testing of decorative copper/ 
nickel/chromium or nickel/chromium coatings de- 
posited on zinc-base die castings and steel for 
relatively severe service. 

The requirements are laid down in sections relating 
to: apparatus; salt solution; air supply; test speci- 
mens; preparation of test specimens; position of 
specimens during testing; conditions in the salt-spray 
chamber; continuity of test; period of test; cleaning 
of tested specimens; evaluation of results; records 
and reports. 

The construction of the test apparatus is dealt with 
in an appendix to the specification. 


Double-Layer-Nickel/Chromium Coatings: 
A.S.T.M. Specification 


AMER. SOC. TESTING MATERIALS: ‘Proposed Tentative 
Specifications for Electrodeposited Coatings of Multi- 
Layer Nickel Plus Chromium on Steel.’ 

Contained in Report of Committee B-8 on Electro- 
deposited Metallic Coatings and Related Finishes. 
A.S.T.M. Preprint 15, 1961, pp. 4-8. 


The specification, which has been accepted by the 
Society for use pending adoption as Standard, 
stipulates requirements with respect to electro- 
deposited coatings intended for service ‘where both 
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appearance and protection of the basis metal against 
corrosion are important’. The coatings comprise a 
layer of dull or semi-bright nickel deposited directly 
on steel (or, where agreed, over a copper strike) and a 
layer of bright nickel which is subsequently chromium 
plated. 

The three minimum thicknesses specified for coatings 
on ‘significant surfaces’ are reproduced below: 
other factors being equal, the thicker coatings may, 
it is stated, be expected to confer greater protection. 





Dull or 
Total Semi-Bright | Bright Chromium, 
Nickel, min. | Nickel, min.* | Nickel min.f 





1-0 mil (25.) 
1-5 mil (38,4) 
2:0 mil (51) 


0:75 mil (19u)|* 
1:15 mil (29,)|* 
1:6 mil(41,)| * 


0-01 mil (0-25,) 
0-01 mil (0-25,) 
0-01 mil (0-25) 




















* The relationships of minimum thickness requirements for 
semi- and fully-bright nickel coatings are based on performance in 
accelerated-corrosion tests, and on the superior ductility of the 
dull or semi-bright nickel deposits. For maximum ductility, the 
thickness of the bright nickel should not exceed 25 per cent. of the 
total nickel thickness. On articles not subjected to appreciable 
deformation or flexing in assembly or normal service, the thickness 
of the bright nickel deposit may be increased to 50 per cent. of 
the total nickel thickness requirement by agreement between the 
manufacturer and the purchaser. Further increase in the ratio 
of bright to semi-bright nickel thicknesses may result in decreased 
protective value. 


+ It has been demonstrated that increasing the chromium thick- 
ness to 0:02 mil or more will further prolong the period of 
exposure during which these coatings may be expected to protect 
the basis metal and retain a desirable appearance. When used, 
these thicker chromium deposits should be either a crack-free 
type or a micro-cracked type. The crack-free type is deposited 
under conditions which produce a bright chromium deposit which 
shows no cracks visible to the unaided eye on areas where the 
thickness of chromium is 0:10 mil or less. Micro-cracked 
chromium is deposited under conditions which produce a bright 
deposit containing no cracks visible to the unaided eye, but 
containing approximately 1000 or more micro-cracks per linear 
inch (in each direction) when etched and examined at 100 
magnifications. 


Details are given of the procedures to be employed in 
determining the corrosion-resistance, thickness and 
microstructure of the coating, and the electroplating 
practice suggested for use is outlined in an appendix 
to the specification. 


B.N.F.M.R.A. Coulometric Plating 
Thickness Meter 


R. A. WHITE: ‘Coulometric Plating Thickness Meter.’ 
Metal Industry, 1961, vol. 98, June 9, pp. 455-8. 


The thickness of electrodeposits can be measured 
non-destructively by thermoelectric, magnetic, or 
other methods, but the results obtained depend 
on structure-sensitive properties which, in electro- 
plating, vary from solution to solution, and it is 
necessary to standardize or check frequently by 
reference to an exact method (such as micro-sectioning, 
or stripping and weighing). The coulometric method 
was selected for study by the British Non-Ferrous 
Metals Research Association as a method of deter- 
mining plating thickness offering both accuracy 





























and rapidity, and subsequently apparatus and pro- 
cedures suitable for routine use in the plating shop 
were developed. The principles, design and oper- 
ation of the thickness meter are described in the 
present article. 

The coulometric method involves the measurement 
of the total quantity of electricity (current x time) 
which is needed to strip a known area of a deposit 
anodically. A novel feature of the apparatus is the 
use of an integrating motor and counter as a coulo- 
meter, and a simple relay system to stop the coulo- 
meter automatically when deplating is complete. 
Details are given of a special cell incorporating 
a moulded plastics cap to seal the cell to the plate 
and to provide an accurate and reproducibly defined 
area to be anodically dissolved. 

In discussing the operation of the instrument, 
the author refers to the electrolytes suitable for 
use with: nickel deposits on a copper undercoat 
or on brass or on steel; a copper undercoat of steel 
after removal of the nickel coating; chromium 
deposits. The accuracy of the coulometric method 
is illustrated by a table comparing data on nickel 
and chromium coatings with those obtained by 
the ‘strip-and-weigh’ and micro-sectioning techniques. 
Notes on calibration conclude the article. 

The work described was reported to members of 
the B.N.F.M.R.A. in Technical Memorandum 166, 
Jan. 1960. 


Controlling Gas Defects in One-Coat Enamelling 


E. M. OLIVER: ‘Controlling Gas Defects in One-Coat 
Enamelling.’ 
Amer. Ceramic Soc. Bull., 
pp. 316-19. 


Although defects associated with a ground coat 
are not encountered in one-coat enamelling, risk 
of fishscaling is greater than in double-coat enamelling 
and excessive evolution of gas during firing can 
produce an inferior surface. In this article the 
author suggests methods of controlling three main 
defects which occur in one-coat enamelling: fish- 
scaling, blackspecking and pitting. 

The recommendations are based on the findings 
of work with a continuous spray machine operating 
at 4 ft./min., using pre-enamelling procedures in- 
corporating a sequence of double cleaning, triple 
rinsing, pickling, double rinsing, nickel dipping, 
and triple rinsing. The nickel stage is given due 
attention in the present article. Use of the methods 
proposed should, it is considered, contribute to 
the successful application of a one-coat process 
under factory conditions. 

Deposition of a phosphate coating on the pickled 
steel is believed to provide an effective means of 
controlling hydrogen released in the firing process, 
and, hence, of reducing the hazard of fishscaling. 
The data suggest that blackspecking can be minimized 
by appropriate control of the etching stage, and that 
pitting in the fired enamel can be reduced by avoiding 
deposition of iron compounds which, remaining on 
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the steel surface after pickling, are considered to 
be the source of gas evolution. 





NON-FERROUS ALLOYS 


Copper-Alloy Ingots and Copper and Copper-Alloy 
Castings: British Standard 


BRIT. STANDARDS INSIN.: ‘Schedule of Copper-Alloy 
Ingots and Copper and Copper-Alloy Castings.’ 


B.S. 1400: 1961; 94 pp. Price 20/-. 


This British Standard, covering castings and ingots 
for castings, was first issued in 1948, when the indi- 
vidual general engineering British Standards for 
copper-alloy ingots and castings were withdrawn, 
and the requirements, revised where necessary, were 
incorporated in one volume. The whole schedule has 
now been revised, and one alloy, SB1, has been 
omitted. High-conductivity coppers HCC1 and 
HCC2, and new alloys PB4, LB4, LBS, G3, SCB4, 
SCB5, CMA1, CMA2 and DCB3, have been included. 
Three of these grades arise from an extension of 
the range of brasses previously designated ‘B’, and 
its sub-division into sand-cast brasses (designated 
‘SCB’) and die-cast brasses (designated ‘DCB’). A 
number of amendments have been made to the 
chemical compositions of the alloys, including differ- 
entiation between the limits specified for ingots 
and castings for certain of the elements. Mechanical 
properties have also been reviewed and a number of 
amendments made. In the clauses covering phosphor 
bronzes, leaded bronzes and gunmetals, properties 
for continuously cast material have been included. 


The Standard is in three sections. Section One 
lays down general requirements for ingots (covering 
mechanical testing, chemical testing, inspection, etc.). 
Section Two contains general clauses applicable to 
castings (relating, for example, to freedom from 
defects, and mechanical, electrical-resistivity, pres- 
sure-tightness and chemical testing). Section Three 
stipulates requirements specific to the individual 
materials included in the Standard, and gives details 
of chemical composition, mechanical properties, 
and, in the case of copper castings, electrical pro- 
perties. A colour code is introduced for all alloys 
in the form of ingots. 

In the foreword to the Standard particular attention 
is drawn to the fact that essential elements and their 
limits are shown in heavy type in the chemical com- 
position clause. In addition, limits are set for a 
number of optional elements and important impurities, 
which are grouped together with the essential elements, 
and for all of which regular analysis is required. 
Limits are also set for a second group of ‘other 
impurities’ (which are preceded by the expression 
‘The supplier shall ensure that the material does 
not contain other impurities in excess of the amounts 
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stated’) for which the supplier will not be called 
upon to provide detailed analysis figures. 

With respect to the gunmetals and leaded gunmetals, 
recent research on the effect of impurities has been 
taken into account in fixing limits only for those 
elements known to be harmful and likely to be present, 
and a total figure has not been included. This 
procedure could not be applied to all the other alloys 
in the schedule, for which, of necessity, the total 
impurity figure has been retained as a safeguard, 
even though it is realized that it is not practicable 
to determine such a figure. 

In the table on pp. 218-19 the designation and 
description of all the materials covered by the Standard 
have been correlated with the compositional require- 
ments laid down. 


Copper-Nickel Alloy Castings: A.S.T.M. Specification 


AMER. SOC. TESTING MATERIALS: ‘Proposed Tentative 
Specification for Copper-Nickel Alloy Castings.’ 
Contained in Report of Committee B-5 on Copper and 
Copper Alloys, Cast and Wrought. 

A.S.T.M. Preprint 13, 1961, pp. 29-32. 


The specification lays down requirements with 
respect to castings used ‘primarily for corrosion- 
resisting purposes, in both constructional and pressure 
applications, and particularly in marine pumps, 
valves and fittings’. The composition of the two alloys 
covered falls within the following percentage limits: 








Ele- Alloy A Alloy B 
ment (90 Cu-10 Ni) (70 Cu-30 Ni) 
Cu Remainder Remainder 
Ni 9-0-11-0 28-0-32-0 
Fe 1-0-1-8 0:25-1-0 

Si 0:25 max. 0-7 max. 
Mn 1-5 max. 1-5 max. 
Pb 0-03 max.* 0-03 max.* 
Nb 1-0 max. 1-0 max. 

















* For welding grade, the lead shall not exceed 0-01 per cent. 


Tensile requirements are reproduced below: 








Property Alloy A | Alloy B 
Tensile strength, min., p.s.i. 45,000 60,000 
Yield strength, min., p.s.i. 25,000 32,000 
Elongation in 2 in., min., 
per cent. 20 20 

















Note: Yield strength shall be determined as the stress producing 
an elongation of 0-5 per cent. under load, i.e., 0-01 in. in a gauge 
length of 2 in, 


The alloys when so specified are of weldable grade, 
and the specification includes details of the weldability 
test to which they must then be subjected. 
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Dynamic Moduli of Elasticity of Nickel-containing 
Materials at Elevated Temperatures 


See abstract on p. 227. 


Creep and Rupture Properties of 20 per cent. 
Nickel Silver 


D. P. MOON and w. F. SIMMONS: ‘Creep and Rupture 
Properties of Five Copper-base Casting Alloys.’ 
Amer. Soc. Testing Materials, 1961, Preprint 78; 18 pp. 


The work described formed part of a programme 
initiated to provide accurate data on the mechanical 
and physical properties of sound test bars from good- 
quality melts of commercial alloys. In a previous 
study (Proc. Amer. Soc. Testing Materials, 1960, vol. 
60, pp. 796-811: abstract in Nickel Bulletin, 1960, vol. 
33, No. 8-9, p. 197), JOHNSON and KURA obtained 
data on the tensile and compressive properties, im- 
pact strength, fatigue-resistance, patternmaker’s 
shrinkage, machinability and physical properties of 
five copper-base casting alloys (identified as B5, 11A, 
13B, 8A and 8C in A.S.T.M. Specification B30-59): 
76Cu-23Sn-64Pb-15Zn alloy; 20 per cent. nickel 
silver; 81-4-15 silicon-brass; manganese bronze 
(65,000 p.s.i.); manganese bronze (110,000 p.s.i.). In 
the work now reported, cast specimens of the same 
alloys were subjected to creep tests, for times up to 
3000 hours, at temperatures in the range 250°-550°F. 
(120°-290°C.). 


The creep and rupture data obtained are correlated 
with elevated-temperature short-time tensile data, 
and creep data are presented in the form of design 
curves and isochronous stress/strain curves. The 
authors also report data derived from tests in which 
the effects of creep testing were determined by sub- 
mitting the specimens to tensile tests and metallo- 
graphic examination after creep testing. 


Relative to its short-time tensile strength, the creep 
strength of the 76-24-64-15 alloy was high up to 
about 520°F. (270°C.), and its stability was good. 
The 65,000-p.s.i. manganese bronze suffered a loss in 
creep strength at temperatures above 290°F. (145°C.), 
and the sharp decline in the creep strength and stability 
of the 110,000-p.s.i. manganese bronze at tempera- 
tures above 350°F. (180°C.) is considered to restrict its 
suitability for long-time service to lower temperatures. 
For the same reason, it is recommended that the 
81-4-15 silicon brass should not be subjected to pro- 
longed exposure at temperatures higher than 450°F. 
(230°C.). 
In the case of the 20 per cent. nickel silver, creep 
was found to be insignificant at temperatures up to 
550°F. (290°C.), but the melting of a lead phase 


present in the alloy precluded its application at higher 
temperatures. 


Anodic Polarization and Passivity of 
Nickel-Copper Alloys in Sulphuric Acid 


See abstract on p. 212. 
































Surface Diffusion During Sintering of 
Non-Compacted Mixtures of Nickel and 
Copper Powders 


See abstract on p. 213. 





NICKEL-IRON ALLOYS 


Stability of Permanent-Magnet Materials 
C. E. WEBB: “The Stability of Permanent Magnets.’ 


Instn. Electrical Engineers, Monograph No. 427M, 
Jan. 1961; 8 pp. 


In a previous report* the author concluded that, 
while adequate information was available on ageing 
of permanent-magnet materials due to metallurgical 
or structural instability, there was need for further 
investigation of magnetic instability resulting from 
such factors as mechanical shock and temperature 
variation, or occurring with the passage of time when 
the magnet is left as free from disturbance as possible. 
The author comments that the precipitation-harden- 
able alloys used for most of the permanent magnets 
now available are known to show no significant 
structural changes at temperatures below about 
500°C., so that metallurgical ageing is of even less 
importance than when the previous report was com- 
piled. In the work described, attention was therefore 
confined to magnetic instability. 


The following permanent-magnet materials were 
selected for study as representative of those in present- 
day use: 2 per cent. cobalt-4 per cent. chromium 
steel; 35 per cent. cobalt steel; ‘Alnico’; ‘Alcomax 
IP; ‘Alcomax II’; ‘Alcomax IV’; ‘Columax’. Since 
magnets are usually designed to operate near the 
(BH)max point on the demagnetization curve of 
the material of construction, each of the materials 
studied was tested when working in approximately 
this condition. (In order to determine the effect 
of the working point on stability, one isotropic and 
one anisotropic alloy (‘Alnico’ and ‘Alcomax III’) 
were, however, tested at working points considerably 
higher and lower than the (BH)max point.) Each 
type of magnet was evaluated both in the unstabilized 
condition and after artificial stabilization. 

The relative stability of the various materials was 
assessed as a function of the following factors: (1) time 
(the magnets were left for 3 years under conditions 
ensuring the greatest possible freedom from disturb- 
ance of any kind); (2) the working point of the 
magnet; (3) heating at various temperatures up to 
200°C. ; (4) exposure to mechanical stress and impact 
(the results of these tests were inconclusive, since 
the magnet assemblies available were not found 
suitable for subjection to severe mechanical treat- 
ment). 





* ‘Summary of Published Information on Stability of Permanent 
Magnets,’ Electrical Research Assocn. Report Ref. N/T12: 1938. 


The data presented are deemed to warrant the follow- 
ing conclusions: 


‘(a) In long-term tests under undisturbed conditions, 
anisotropic alloys are much more stable than iso- 
tropic alloys, whether they are compared unstabil- 
ized or after artificial stabilization. The high 
stability of anisotropic alloys is particularly marked 
in ‘Columax’ which, even unstabilized, weakens not 
more than 2 parts in 10‘ in 1,000 days. 

‘(b) In long-term stability, ‘Alnico’ is not better 
than the much-lower-coercivity martensitic alloys 
(cobalt-chrome steel and 35 per cent. cobalt steel). 

‘(c) The long-term stability depends little on the 
working-point of the material above the (BH)max 
point on the demagnetization curve. Below the 
(BH) max point, the stability is substantially reduced, 
both in isotropic and anisotropic alloys. 

‘(d) In ‘Alnico’ and ‘Alcomax’ alloys, the relation 
between the percentage weakening and the logarithm 
of the time elapsed after magnetization is approxim- 
ately linear. 

‘(e) The stability of the various types of magnet 
after high-temperature treatment is roughly related 
to their stability in time tests, but ‘Alnico’ is relatively 
more stable as compared with the martensitic steels. 

‘(f) In ‘Alnico’ and ‘Alcomax’ alloys the relation 
between the percentage weakening and the temp- 
erature of heat-treatment is approximately linear, 
but in ‘Alnico’ working at large values of tan 
the weakening increases slightly more rapidly in 
the neighbourhood of 200°C. than at lower temp- 
eratures. 

‘(g) In anisotropic alloys, 1 per cent. artificial 
stabilization is generally adequate, except at large 
values of tan Y. In isotropic alloys, even 5 per cent. 
artificial stabilization does not give immunity from 
further weakening with high-temperature treatment 
or the passage of time. 

‘(A) Since the completion of this work, comparable 
results obtained under substantially different con- 
ditions have been published by Clegg and McCaigy 
and by Gould{. It is satisfactory that, while their 
results differ appreciably in detail from those recorded 
in this paper, they show similar variations for different 
materials, and for different working-points in the 
two materials (‘Alnico’ and ‘Alcomax III’) in which 
the working-point was varied.’ 


Influence of Copper on the Expansion 
Characteristics of Iron-Nickel-Cobalt 
Glass-to-Metal-Sealing Alloys 


H. RINGPFEIL and 0. HENKEL: ‘The Influence of Copper 
Additions on the Expansion Behaviour of Iron- 
Nickel-Cobalt Alloys.’ 

Neue Hiitte, 1961, vol. 6, May, pp. 310-16. 


The expansion characteristics of iron-nickel-cobalt 
glass-to-metal-sealing alloys of ‘Kovar’ type tend 
to vary from the required values if the composition 
of the alloy differs even slightly from that aimed 





+ See abstract in Nickel Bulletin, 1958, vol. 31, No. 7, p. 192-3. 
{See abstract in Nickel Bulletin, 1959, vol. 32, No. 3, p. 80. 
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Mechanical Properties of S.G. Iron Castings 
(See abstract below) 


























Impact Value 
Tensile 0-5 per cent. Elong- 
Grade Strength Permanent ation Average of Set 
Set Stress of Individual 
Three on One 
Sample 
min. min min min. min 
t.s.i. kg./mm.? t.s.i kg./mm.” | per cent. ft. Ib. kgm. ft. Ib. kgm 
SNG24/17 24 37°8 15 23°6 17 10 1-4 9 1-26 
SNG27/12 27 42-5 18 28-3 12 zs — * oe 
SNG32/7 32 50-4 22 34:6 7 -- a _ 
SNG37/2 aT 58-3 25 39-4 2 — — —_— — 
SNG42/2 42 66-1 28 44-1 2 — —- — — 
SNG47/2 47 74-0 30 47-2 2 = _ — _- 























* If so required by the purchaser, Grade SNG27/12, when tested in accordance with the requirements stipulated, 


shall show an average impact value of not less than 6 ft. 
no individual test shall show an impact value less than 4 ft. 


at. The fact that cold working, or exposure to low 
temperatures, can cause y-« transformation (and 
an increase in the coefficient of thermal expansion) 
increases the risk of failure in any subsequent glass- 
to-metal seal. Previous investigations of the effect 
of copper additions on the y-« transformation in 
iron-nickel-cobalt alloys having produced conflicting 
results as to their y-stabilization effect, in the study 
now reported the coefficient of thermal expansion, 
the inflection point, and the stability of such alloys 
was studied as a function of copper contents up 
to 11 per cent. 

The data obtained in the preliminary study described 
show that when the nickel and cobalt contents of 
‘Kovar’ are maintained at the recommended values, 
copper additions higher than about 1 per cent. 
increase the coefficient of thermal expansion to a 
value above that of hard glasses. Copper additions 
up to about 1 wt. per cent. had a beneficial effect 
on the stability of a ‘Kovar’ composition of approxim- 
ately 27-5 per cent. nickel and 17-5 per cent. cobalt, 
but the martensite transformation could not be 
shifted to the desired temperature of below — 180°C. 
Alloys in which the nickel content was increased 
(to about 30 per cent.), and the cobalt content 
decreased, proved stable down to —180°C. and 
possessed the coefficient of thermal expansion re- 
quired for use with hard glasses: the inflection point 
of these alloys was, however, too low. Addition of 
about 1 per cent. copper raised the inflection point, 
to give a stable alloy with a coefficient of thermal 
expansion low enough for use in hard-glass/metal 
seals and with inflection points at the lower limit of 
serviceability. 

Further experiments were undertaken in an attempt 
to develop a sealing alloy suitable for use with soft 
glasses. In the particular case discussed, the glass 
(used in the production of television components) 
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Ib. (0:84 kgm.) for a set of three individual values, and 
Ib. (0-56 kgm.). 


exhibited an average coefficient of thermal expansion 
of 104+-1-10-7 1°/C. in the range 20°-400°C. A 
suitable alloy was developed by increasing the nickel 
+cobalt content of ‘Kovar’ to 52 per cent., and 
alloying with about 5-6 per cent. copper. Data 
on the alloy (which, containing nickel 31, cobalt 20, 
copper 5-5, per cent., remainder iron, is now in com- 
mercial production under the name of ‘Soco’) are 
presented. 





CAST IRON 


Spheroidal-Graphite Iron Castings: British Standard 


BRIT. STANDARDS INSTN.: ‘Specification for Iron 
Castings with Spheroidal or Nodular Graphite.’ 
B.S. 2789: 1961; 15 pp. Price 5/-. 


This Standard, a revision of that published in 1956, 
lays down requirements for six grades of S.G. iron 
(the three types of iron stipulated in the 1956 edition 
having, in the light of production experience, been 
supplemented by additional grades). The Standard 
is not limited to any particular production process, 
and covers any spheroidal-graphite iron which meets 
the mechanical properties required. 

The six grades are designated* and characterized 
as follows: 


SNG 24/17 Those with a ferritic matrix in which 
resistance to impact is of paramount 
importance. 





* The method of designation accords with recent practice adopted 
for irons specified largely on the basis of their mechanical proper- 
ties, the letters indicating the type of iron, and the figures the 
minimum tensile strength in tons per sq. inch and the minimum 
elongation per cent., respectively. 























SNG 27/12 Those with a mainly ferritic matrix of 
moderately high tensile strength in 
which high ductility and toughness are 
of great importance. 


SNG 32/7 Those with a ferritic-pearlitic matrix 
combining strength with reasonable 
ductility and forming an intermediate 
grade. 

SNG 37/2 Those with a mainly pearlitic matrix, 

SN G 42/2 characterized by high tensile strength, 

SNG Aq but in which ductility and resistance to 

4 / 


impact are of less importance. 


Requirements with respect to tensile properties are 
reproduced in the table on p. 222. 

The hardness of Grade SNG 27/2 should not exceed 
187 HB, and that of Grade SNG 24/17 should not 
exceed 171 HB. 





CONSTRUCTIONAL STEELS 


Production and Properties of Cast 9 per cent. 
Nickel Steel 


W. J. JACKSON and E. J. RIDAL: ‘Cast 9 per cent. Nickel 
Steel for Low-Temperature Service.’ 


Iron and Steel, 1961, vol. 34, Oct., pp. 474-5. 


In the wrought form, low-carbon 9 per cent. nickel 
steel possesses outstandingly good mechanical pro- 
perties at low temperatures, a characteristic which 
has led to its adoption for equipment handling, 
for example, liquefied oxygen. Other materials 
possess equal or even superior impact strengths at 
low temperatures, but most of them have such draw- 
backs as high cost, poor machinability or lower 
tensile strengths. The most commonly employed 
wrought 9 per cent. nickel steel (conforming to 
A.S.T.M. A353-58) is readily workable, and is of 
the following composition: carbon 0-13 max., 
manganese 0:8 max., silicon 0-:15-0°3, sulphur 
0:04 max., phosphorus 0-035 max., nickel 8-5-9-5, 
per cent. Fatigue properties compare favourably 
with those of other low-temperature materials. In 
this paper the authors first refer to the heat-treatment 
developed for achievement of optimum low-temp- 
erature properties,* and then summarize the results 
of an investigation designed to confirm the Charpy 
impact values of 8 ft. Ib. at — 196°C. and 25-50 ft. Ib. 
at — 100°C. reported for the cast steel. 

Two heats of steel were prepared. Results with 
the first were disappointing (hydrogen was suspected 
as the cause of the poor properties obtained). The 
composition, production data, heat-treatment, impact- 





* See, in this connexion, abstracts referred to in Nickel Bulletin, 
1961, vol. 34, No. 3, pp. 66-7. 


transition temperature and room-temperature tensile 
properties relating to the second heat are reproduced 
in the table on p. 225. These data are regarded as 
illustrating the excellent combination of tensile 
and impact properties obtainable from this type of 
steel. 

It is considered worthy of note that the coefficient 
of expansion of cast 9 per cent. nickel steel (con- 
taining 0-14 per cent. carbon and 0-29 per cent. 
molybdenum) is remarkably constant over the range 
— 196° to +21°C. This stability of thermal expansion 
is important, since it enables designers of low- 
temperature equipment to work to much closer 
tolerances, particularly in applications involving 
mating parts at different mean temperatures. 


Dynamic Moduli of Elasticity of Nickel-containing 
Materials at Elevated Temperatures 


See abstract on p. 227. 


Corrosion of Nickel-containing Steels in Canadian 
Atmospheres 


See abstract on p. 233. 


Properties of Nickel-containing Sintered Steels 


G. FINDEISEN: “The Technology of Sintered Nicke 
Steels.’ 


Zeitsch. f. Metallkunde, 1961, vol. 52, Apr., pp. 236-43. 


Since the production of high-strength sintered steels 
became a practical proposition, the possibility of 
improving their properties by addition of nickel 
has attracted attention. The work now described 
was therefore carried out to study the properties of 
such steels as a function of the type and extent of 
nickel and carbon powder additions. 

Tensile specimens were prepared from the following 
powder mixtures: (1) soft iron powder-+carbonyl 
nickel (2-5 and 5 wt. per cent.)+ graphite; (2) iron 
powder of high carbon content+-nickel powder 
(2:5 and 5 wt. per cent.); (3) pre-alloyed iron- 
nickel powder (containing 6 wt. per cent. nickel)— 
lampblack; (4) as for (1) + a low-melting nickel- 
silicon eutectic alloy. To determine whether any 
improvement in properties could be attributed to 
the small grain-size of the nickel powders used, 
tests were carried out with a carbonyl-iron-powder/ 
graphite mixture of the same screen analysis as the 
nickel-containing mixture (1). 

Tensile specimens were produced either by com- 
pacting and then sintering for 1 hour at 1000°C., 
or by compacting, sintering for 1 hour at 1000°C., 
compacting, and finally sintering for 2 hours at 1200°C. 

Tests were conducted to determine the tensile 
strength, elongation, hardness and density of the 
sintered materials. Specimens were subjected to 
metallographic examination, and tendency to dimen- 
sional change during sintering was studied. 


The results of the study are regarded as confirming 
the superiority, as raw materials in iron-powder 
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Cast 9 per cent. Nickel Steel 
(See abstract on p. 223) 





CHEMICAL COMPOSITION 









































Cc Si Mn P Ni Al 
% % 7 % vo % 
0-12 0-10 0-65 0-006 0-014 9-05 0:06 
DEOXIDATION TREATMENT, ETc. 
Nominal Actual Pouring A.S.T.M. Predominant 
Addition, lb./ton Addition, % Temperature, °C. Grain-Size Inclusion Type 
2-Al 0-11 1570 7 I, Ill 











HEAT-TREATMENT 


Removed from mould at 1000°C. approximately, and transferred to furnace at 650°C. and held for 21 hours, 
then— 3 hours 900°C. A.C.; 3 hours 790°C. A.C.; 5 hours 575°C. A.C.; 5 hours 460°C. A.C. 





MECHANICAL PROPERTIES 























Charpy V-Notch Impact 
Yield Point Tensile Elongation Reduction paeunae” weet Hardness 
tons/sq. in. Strength vA in Area % j 
tons/sq. in. 
15 ft. Ib. Mean Energy 
(I) 41-7 48-0 27-0 54:6 * —57 249 
(II) 37-5 48-0 26:0 50:5 —- — i 
































* Lower than liquid-nitrogen temperature. 


metallurgy, of elemental powder additions compared 
with alloy powders or alloy powder+elemental 
powder. The data also indicate that liquid-phase 
sintering offers advantages. In general, high-carbon 
additions were associated with low density. 

The author concludes that a powder mixture 
exhibiting good compacting characteristics in com- 
bination with satisfactory sintering behaviour (which 
the alloy powders are deemed to lack) is pre-requisite 
for the production of high-strength sintered steel. 
Attention is also drawn to the feasibility of improving 
properties by double compacting and sintering (pro- 
vided that the first sintering stage does not result in 
any loss in working characteristics). 

With respect to dimensional changes during sintering, 
a factor of obvious commercial significance, mixtures 
of elemental powders are deemed to offer promise 
for commercial applications (although they all 
exhibited some shrinkage). The shrinkage to which 
the mixtures incorporating high-carbon iron powders 
was subject rendered them unsuitable for commercial 
use. Shrinkage of the silicon-containing specimens 
sintered in the presence of liquid phase was slight 
enough to render them suitable in this respect for 
practical evaluation. 

The author’s overall conclusion is that mixture 
(1) offers advantages for the production of sintered 
steel components when subjected to double com- 
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pacting, and that specimens fabricated from mixture 
(4) exhibit satisfactory tensile strength, hardness, 
elongation, density and reasonable dimensional 
stability. 





HEAT- AND CORROSION- 
RESISTING MATERIALS 


Sheet and Strip in Nickel-Chromium 
Heat-Resisting Alloy: Specification 


MINISTRY OF AVIATION: ‘Nickel-Chromium Heat- 
Resisting Alloy Sheets and Strips (Cold-Rolled and 
Softened).’ 

Aircraft Material Specification D.T.D. 703B (Super- 
seding Specification D.T.D. 703A), Jan. 1961, 3 pp. 


The specification covers sheet and strip of the 
following composition, supplied in the cold-rolled 
and softened condition: carbon 0:08-0:15, titanium 
0-2-0-6, chromium 18-21, silicon 1 max., manganese 
1 max., copper 0-5 max., iron 5 max., per cent., 
remainder nickel. Requirements are stipulated with 
respect to surface finish, freedom from defects, 














dimensional tolerances, test specimens, mechanical 
properties, re-testing and identification. 

Test pieces should be subjected to tensile, single- 
bend and dishing tests. Tensile-property require- 
ments are reproduced below. 


0-1 per cent. proof stress 
(material thicker than 
0-018 in. (28 s.w.g.) only) 20 t.s.i. min. 
(45,000 p.s.i.: 
31-5 kg./mm.’) 
49 t.s.i. min. 
(110,000 p.s.i.: 
77 kg./mm.?) 


30 per cent. min. 


Tensile strength 


Elongation 


Nickel-Chromium-Cobalt Wrought Turbine-Blading 
Alloy: Specification 


MINISTRY OF AVIATION: ‘Nickel-Chromium-Cobalt 
Heat-Resisting Alloy (Wrought) for Gas-Turbine 
Blades.’ 

Aircraft Material Specification D.T.D. 747A (Super- 
seding Specification D.T.D. 747), Jan. 1961; 4 pp. 


The specification is in five sections. 

Section I stipulates general requirements with respect 
to chemical composition, dimensional tolerances, 
heat-treatment (for material and parts supplied in 
the solution-treated or fully-heat-treated conditions), 
hardness, creep testing, etc. Compositional limits 
are as follows: carbon 0-13 max., silicon 1-5 max., 
manganese | max., aluminium 0-8-2, iron 3 max., 
titanium 1-8-3, chromium 18-21, cobalt 15-21, 
per cent., remainder nickel. The chromium used 
in the manufacture of the material must not contain 
more than 0-05 per cent. of sulphur. Creep pro- 
perties should conform to the following require- 
ments: 





9 t.s.i. 123 t.s.i. 
(14 kg./mm.?)} (19-5 kg./ 
at mm.?) at 

870° 424°C. | 815°+238°C. 


Conditions of Test 





Minimum time to onset 
of tertiary creep, hours — 50 


Creep rate during second- 
ary stage: not more — 0-010 
than—per cent. per hr. 


Minimum life to rupture, 
hours 30 yes 

















Sections If to V lay down requirements specific, 
respectively, to bars and billets for forging, bars for 
machining, forgings, and finished fully heat-treated 
blades. 


Recent Developments in Nickel-base 
Gas-Turbine Blading Alloys 


E. GLENNY: ‘Recent Developments in Alloys for 
Aircraft Gas-Turbine Rotor Blading.’ 

Brit. Investments Casters’ Technical Assocn., 3rd 
Annual Conference, 1961, Paper BICTA/\961/1; 
28 pp. 

Foundry Trade Jnl., 1961, vol. 11, Sept. 7, pp. 293-302. 


Introducing his review, the author refers to the fact 
that, although the service temperatures to which 
gas-turbine rotor blades are now exposed are approx- 
imately 80 per cent. of the melting point of the alloys 
in current use, ‘metallurgists in the high-temperature 
alloy field have continued to confound the pro- 
phecies that nickel-base compositions, in particular, 
have reached the end of the line’. In his survey 
of the properties and characteristics of alloys develop- 
ed for aircraft gas-turbine rotor blading during the 
past three or four years, he has therefore selected 
for discussion (as ‘the best commercially available 
alloys developed during the period under review’) the 
following wrought and cast nickel-base alloys: 
‘Nimocast 258’, ‘Nimocast 713V’, ‘Inconel 717C’, 
‘G64’, ‘G67’, ‘TRW 1800’, ‘Nicrotung’, ‘G74’, 
‘DCM’, ‘EPK 24’ (‘IN 100’), ‘FN 220’, ‘Nimonic 105’, 
‘Nimonic 115’, ‘Udimet 700’, ‘G70’. 

Information available on the following factors 
is discussed: chemical composition, method of 
manufacture (with particular emphasis on the 
effects of vacuum melting), stress-rupture properties, 
short-time tensile properties, mechanical-fatigue 
properties, thermal-fatigue characteristics, resistance 
to mechanical shock, corrosion-resistance, and cast- 
ability and significance of grain-size. The points 
raised in the test are illustrated by copious tabular 
and graphical data on the alloys reviewed. 

The author speculates on future developments 
as follows: 

‘It is generally agreed that an increase in temperature 
of some 50 to 100C.° is the most that can be expected 
from conventional alloys. Its achievement for wrought 
alloys will present difficult production and fabrication 
problems. The wider use of vacuum melting will 
encourage research into the usefulness of minor 
alloying additions to both nickel- and cobalt-based 
alloys. The current tendency to use comparatively 
high tungsten contents may not yield alloys of signific- 
antly greater specific rupture strength, and has the 
disadvantage of increasing the engine weight at a 
time when considerable efforts are being made to 
reduce the weight of other components. Air melting 
for producing high hot-strength alloys has not necess- 
arily been discarded. A recently-developed low- 
carbon nickel-based alloy, ‘EPE10’, containing about 
6 per cent. niobium, has excellent air-casting charac- 
teristics, with complete freedom from oxide inclusions. 
Although its 100-hour rupture strength at 870°C. 
(8-0 tons per sq. in.) and 940°C. (5:5 tons per sq. 
in.) is not as high as the nickel-based alloys considered 
in this review, the hardening principle (by a niobium- 
nickel compound) is novel, and this composition may 
be the forerunner of stronger alloys. Alternatively, 
current researches into the usefulness of dispersion- 
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hardened alloys prepared by sintering of 80 per cent. 
nickel/20 per cent. chromium type alloys containing 
controlled additions of Al,O;, ThO, or CeO may 
give promising high-temperature, high-strength pro- 
perties. Evidently the ingenuity of the research 
metallurgist in this field is not yet defeated by the 
magnitude of the problem.’ 


Tensile Ductility and Stress-Rupture Properties of 
Investment-Cast ‘Nimocast 90’ 


G. F. SMITH: ‘Tensile Ductility and Stress-Rupture 
Properties of Investment-Cast ‘Nimocast 90° Alloy. 
Part I. The Practical Problem.’ 

Brit. Investment Casters’ Tech. Assocn., 3rd Annual 
Conference, 1961, Paper BICTA/1961/6A; 8 pp. 


The research reported originated in an order placed 
for investment-cast stator blades in ‘Nimocast 90°* 
conforming to a specification which included the 
following room-temperature tensile-test requirements : 
yield point 28 t.s.i. min. (63,000 p.s.i.: 44 kg./mm.’); 
tensile strength 40 t.s.i. min. (89,500 p.s.i.: 
63 kg./mm.*); elongation 10 per cent. min. Standard 
0-564-in.-diameter (14-mm.-diameter) tensile speci- 
mens machined from test bars [% in. (22 mm.) in 
diameter and 7 in. (17-5 cm.) long] investment-cast 
from indirect-arc argon re-melt heats of ‘Nimocast 
90’ were found, however, to exhibit negligible ductility 
on test. This finding led to the comprehensive 
test programme, which, designed to overcome the 
problem. forms the subject of the present paper. 


In an attempt to throw light on the factors con- 
tributing to the low tensile ductility, the influence of 
the following was studied: calcium additions to the 
melt; solution-treatment; air melting and casting 
into cold sand moulds; casting section and size; 
vacuum melting and casting. Mechanical testing 
was supplemented by metallographic studies. 


The author’s comments on the salient findings of 
the investigation are quoted below. 

‘Low tensile ductility was encountered in indirect- 
arc argon-melted ‘Nimocast 90’ alloy investment- 
cast test pieces of {-in. section. This was not im- 
proved by calcium treatment. Similar low ductility 
occurred with sand-cast specimens of approximately 
13-in. (3-75-cm.) section. Elongation figures less 
than those published as being typical of this alloy 
were obtained on pieces cut from investment-cast 
turbine stator blades. These showed lower ductility 
in the thicker platform sections. 

‘In the absence of micro-porosity, a correlation 
between low elongation, coarse cast grain-size, 
and grain-boundary carbide was observed. This 
relationship existed with air-melted and air-cast, 
argon-melted and air-cast, vacuum-melted and 
vacuum-cast test bars and stator blades. 

‘Improvements in tensile ductility in the coarse- 
grained test bar and platform sections were achieved 





* Nominal composition: chromium 19-5, cobalt 16-5, titanium 
2-4, aluminium 1-2, silicon 0-3, manganese 0-3 ,carbon 0°08, per 
ent., remainder nickel. 
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by heat-treatment, and by a more severe solution- 
treatment of 6 hours at 1120°/1125°C., followed 
by quenching in oil, and ageing. The conventional 

1080°C. solution-treatment, however, produced a 
more random dispersion of carbide particles with 
better average results. 

‘Nevertheless, material melted and cast in vacuum 
into $-in.-diameter test bars showed negligible 
ductility in testing in the form of standard 0-564-in.- 
diameter tensile specimens, but gave reasonable 
ductility on testing in the form of 0-1785-in.- 
diameter (4:46-mm.-diameter) tensometer specimens 
cut from the tensile heads. This is explained on the 
basis of slip prior to intergranular fracture in the 
few grains comprising the parallel of the latter 
specimen, and intergranular fracture, without prior 
grain slip, due to the constraint of the larger number 
of grains comprising the. gauge length of the former. 
This suggests that the larger tensiles represented the 
true properties of the thicker cast specimens, whereas 
the tensometer pieces represented the properties 
of the grains within these specimens. In other 
words, with this particular alloy, the mechanical 
properties of the material, pertinent to a particular 
casting, should be determined on a test piece whose 
diameter bears some relation to the thickness of the 
critical section. 

‘In this particular stator blade, the practical solution 
was a reduction of the specified elongation to the 
minimum acceptable for the equipment, 5 per cent. 
At the same time, the blades were released on the 
result of a tensometer test on a specimen cut from 
the aerofoil section of one blade per heat-treatment 
batch. 

‘This experience influenced the recommendations 
to the British Standards Institution on tensile pro- 
perties for the ‘Nimocast’ alloys. B.S. 3146: Part Il: 
1961 quotes 5 per cent. minimum elongation for these 
alloys.’ 


See also 


R. M. COOK and P. J. PENRICE: “Tensile Ductility and 
Stress-Rupture Properties of Investment-Cast ‘Nimo- 
cast 90’ Alloy. Part II. Tensile and Stress-Rupture 
Properties of ‘Nimocast 90’: Effects of Variations in 
Composition, Deoxidation Procedure and Grain- 
Size.’ 

Brit. Investment Casters’ Tech. Assocn., 3rd Annual 
Conference, 1961, Paper BICTA/1\961/6B; 9 pp. + 
figures and illustrations. 


The variation in the tensile ductility of ‘Nimocast 90° 

revealed in the test programme referred to in the 
preceding abstract led to the further studies de- 
scribed in the present paper. 











Although in previous laboratory tests small cast 
bars exhibited satisfactory tensile properties, ex- 
tensive grain-boundary carbide segregates, together 
with low tensile ductility, were occasionally observed. 
Postulating that grain-boundary carbide segregation 
was in part responsible for low tensile ductility, the 
authors undertook a study of the effects produced 
by variations in carbon content and in heat-treatment. 
In addition, it was believed that some improvement in 
tensile ductility might be obtainable by lowering the 
contents of the precipitation-hardening elements 
titanium and aluminium (but only at the expense of a 
decrease in stress-rupture life), and account was also 
taken of the effects, on room-temperature tensile 
properties, of variation in deoxidation technique and 
in grain-size. All material prepared for study was 
air-melted in basic-lined high-frequency furnaces 
to the nominal composition given on p. 228. In 
alloys of lower titanium and aluminium contents, 
the nickel content was proportionately increased. 


The results of the work are presented by the authors 
in sections concerned, respectively, with: (1) the 
influence, on tensile and stress-rupture properties, 
of variations in heat-treatment and in carbon, 
titanium and aluminium contents; (2) the effects 
of deoxidation technique and the relationship between 
tensile properties and the residual content of deoxid- 
ant; (3) the effects, on tensile properties, of variations 
in grain-size and specimen-size. 

The data obtained are regarded as demonstrating 
that the tensile properties of ‘Nimocast 90’ can be 
maintained at a satisfactory level by suitable control 
of carbon content and deoxidation technique. At 
low carbon contents (i.e., less than 0-1 per cent.), 
magnesium and calcium are equally effective as 
deoxidants, but at higher carbon levels (such as 
may be encountered during re-melting in arc furnaces) 
magnesium deoxidation confers superior tensile 
properties and is therefore preferred. Low tensile 
ductility is attributed to the presence of grain- 
boundary networks of titanium carbide, together with 
titanium-sulphide inclusions which form in the abs- 
ence of sufficient residual deoxidant. Tensile prop- 
erties were highest in castings of columnar structure 
(produced by rapid solidification) containing a random 
dispersion of carbide particles. 

Within the ranges studied, grain-size and specimen- 
size were found to have little effect on the tensile 
properties of castings of equiaxed grain structure, and 
no consistent improvement was achieved by a higher- 
temperature solution heat-treatment. 

The slight increase in tensile ductility achieved by 
reducing the titanium and aluminium contents of the 


alloy was associated with a serious loss of rupture 
strength. 


Creep and Rupture Properties of 
20 per cent Nickel Silver 


See abstract on p. 220. 


Dynamic Moduli of Elasticity of Nickel-containing 
Materials at Elevated Temperatures 


W. H. HILL, K. D. SHIMMIN and B. A. WILCOX: ‘Elevated- 
Temperature Dynamic Moduli of Metallic Materials.’ 
Amer. Soc. Testing Materials, 1961, Preprint 74: 
16 pp. 


In the design of load-carrying members subjected 
to high temperatures, it is imperative that Young’s 
modulus be known so that deflections can be calcu- 
lated for any combination of stress and temperature. 
The conventional method of determining this pro- 
perty (from the static stress/strain plots of one or 
more specimens tested at each temperature) has 
several disadvantages, in particular, the large number 
of carefully prepared specimens needed to establish 
the temperature dependence of the modulus for a 
given material. In this paper the authors give details 
of a method for determination of Young’s modulus 
which is based on the relationship between the speed 
of sound in a material and its elastic modulus. 
Since the speed of sound in a specimen of given geo- 
metry is manifested in its resonant frequency, it 
becomes necessary only to determine this property 
of the material at elevated temperatures to evaluate 
the elevated-temperature elastic modulus. The deter- 
mination is made nondestructively, thus permitting 
a large number of determinations at various temper- 
atures with a minimum number of specimens. 

The authors report the application of the method 
to the determination of the dynamic moduli of 
elasticity of 40 commercial materials, and five 
vanadium-titanium experimental alloys, at temper- 
atures up to 1800°F. (980°C.). The design, con- 
struction and operation of the equipment used are 
described. 

The measurements were made, under conditions of 
continuous heating at a nominal rate of 12F°. (7C.°) 
per minute, on the following types of material: 
aluminium and aluminium alloys: titanium and 
titanium alloys; plain-carbon and low-alloy steels 
(A.LS.I. 1020, 4130, 4340, ‘LaBelle HT’, ‘Peerless 56’, 
‘Vascojet 1000’); stainless steels (Type 410, ‘AM-350’, 
‘17-7 P.H.’, ‘P.H. 15-7 Mo’, ‘A-2867); nickel and 
nickel-base alloys (electrolytic nickel, ‘Inconel’, 
‘Inconel W’, ‘Inconel X’, ‘Inconel 700’, ‘Inconel 713C’, 
*‘M-252’, ‘René 41°, ‘Udimet 500’, ‘Udimet 700’, 
‘Nimonic 90’, ‘Hastelloy B’, “‘Waspaloy’); beryllium 
copper; ‘S-816’; ‘Invar’; beryllium; molybdenum; 
tungsten; vanadium; vanadium-titanium alloys. 

In most instances, data are also included on the 
dynamic moduli and static moduli at room temp- 
erature. 


Thermal-Fatigue Characteristics of Heat-Resisting 
Austenitic Steels 

R. W. SMITH and G. T. SMITH: ‘Thermal-Fatigue 
Crack-Growth Characteristics and Mechanical Strain 
Cycling Behaviour of ‘A-286’, ‘Discaloy’ and 16-25-6 
Austenitic Steels.’ 

Nat. Aeronautics and Space Administration, Tech. 
Note D-479, Oct. 1960; 67 pp. 


Although the austenitic stainless steels possess 








characteristics which render them attractive for 
high-temperature applications, their high coefficients 
of thermal expansion and low coefficients of thermal 
conductivity tend to increase the thermal stresses 
induced during exposure to high temperatures. 
Their evaluation under thermal-fatigue conditions 
is therefore of obvious significance. In this report 
the authors give details of a test programme under- 
taken with the following objects: (1) to measure 
the progressive growth of thermal-fatigue cracks in 
notched and unnotched discs for various conditions 
of Tmax, €r, and holding time; (2) to explore the 
influence of total stress range and mean stress upon 
constant-strain-range fatigue life of notched and 
unnotched bars at room temperature; (3) to evaluate 
the relative thermal-fatigue resistance of ‘A-286’, 
‘Discaloy’ and 16-25-6 steels in both the notched- 
and unnotched-disc configuration; (4) to study the 
effects of material and test variables on the microstage 
and macrostage of crack growth. 


The percentage compositions of the four steels 
studied are given below: 


















































Composition 
Material 

l aes 
C | Fe|Cr| Ti] Ni} Al}Mo| V |Mn| N 
=a pal a 
‘A-286’ (0-05}53-3/15-O} 1-6 [26-010- 1711-15] 9-2 | 1-4! = 
‘Discaloy’ 0-05'54-0113-0 1-6 |26-0|3-0 3-0 se ae es 
16-25-6 pases 16-0} — |25-0} — 6-0 | 6 oe (0-15 

i | | | 
‘A-286’ was heat-treated as recommended for 


turbine-wheel applications; ‘Discaloy’ and one lot 
of 16-25-6 were hot-cold-worked; and another lot 
of 16-25-6 was overaged to produce a soft, relatively 
low-strength material for purposes of comparison. 


Notched and unnotched discs 3$ in. (9 cm.) in 
diameter and }-in. (6 mm.) thick were rapidly heated 
to the maximum cycle temperature at the rim by 
induction (and, in some tests, held at that temp- 
erature) and then cooled to room _ temperature. 
Cycling produced cracks at the notch bottoms (or 
at the rim of the unnotched discs), and the growth 
of these cracks was followed by periodic microscopical 
measurements, the crack area being plotted as 
a function of the number of cycles for each test. 
The influence of the following variables was studied: 
total strain range (0-0043-0-0079 in./in.); maximum 
cycle temperature (1300° and 1100°F.: 705° and 
595°C.); holding time at maximum temperature (0 and 
5 minutes). The relative thermal-fatigue resistance 
of the materials was evaluated by comparing the 
number of cycles required to produce a specific 
crack size. In addition to the thermal-fatigue 
tests, exploratory push-pull mechanical-fatigue tests 
with similar strain ranges were carried out at room 
temperature on notched- and unnotched-bar speci- 
mens (these tests permitted evaluation of the cyclic 
stresses and plastic strains). 
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The authors’ consideration of the test data leads 
them to draw the following conclusions: 

‘1. Low-cycle fatigue life (thermally cycled or 
mechanically cycled at constant temperature) of a 
specific material decreased whenever the plastic flow 
per cycle was increased. 

‘2. Room-temperature constant-nominal-strain- 
range mechanical-fatigue testing of notched bars 
indicated fatigue life to be strongly influenced 
by mean stress (a variable dependent upon the stress- 
strain properties of the material and strain range of 
test). For materials developing about the same 
total stress change at 3N¢ (Ne=number of cycles 
to failure), longer fatigue life is associated with the 
alloy having the least tensile (or most compressive) 
mean stress at 4 Ng. 

*3. ‘A-286’ and ‘Discaloy’ exhibited better notched- 
disk thermal-fatigue resistance than  hot-cold- 
worked or overaged 16-25-6, although this difference 
was large only at the lowest values of maximum 
cycle temperature (1100°F.) and strain range 
(0-0043 in./in.) of test. 

‘4, ‘Discaloy’ and hot-cold-worked 16-25-6 gener- 
ally demonstrated better thermal-fatigue resistance 
than ‘A-286’ and overaged 16-25-6 when tested in 
the unnotched configuration. 

‘5. The macrostage period accounts for the greatest 
part of the differences between materials in notched- 
disk thermal-fatigue life. 

‘6. The relative ratings of materials in unnotched- 
disk thermal fatigue largely depend upon factors 
which influence the microstage of the fatigue pro- 
cess.” 


Influence of Cold Work on the Elevated-Temperature 
Short-Time Tensile Properties of 18-12-Mo 
Stainless Steel 


T. W. GIBBS and H. W. WYATT: ‘Short-Time Tensile 
Properties of Type 316 Stainless Steel at Very High 
Temperatures.’ 

Amer. Soc. Mechanical Engineers, 
No. 60-WA-11; 8 pp. 


The 18-8-type austenitic stainless steels, although 
not originally intended for high-temperature service, 
offer advantages in applications involving (as, for 
example, rocket components) exposure to high 
temperatures for very short times: they are relatively 
stable up to their melting point, lose strength only 
gradually with rise in temperature, are readily fabric- 
ated, and are available in a variety of forms. Cold 
working is effective in increasing high-temperature 
strength up to the temperature at which recovery 
occurs. Increasing the amount of cold working 
lowers the recovery temperature, an effect which 
suggests that an optimum amount of cold-work 
strengthening is available at each anticipated 
service temperature for comparable service life. 
Recovery and recrystallization processes being time- 
dependent, time at temperature is important in 
determining the degree of cold work optimum for 
particular service applications. Experience indicates 
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that appreciably higher design stresses could be util- 
ized for short times at high temperature if cold-worked 
material could be used instead of annealed material. 
By carefully controlling the fabrication procedure 
and subsequent thermal treatment, a desired and 
tolerable amount of cold work may be retained to 
enhance high-temperature strength, and it is also 
possible that structural components intended to 
exhibit short life at very high temperatures can be 
designed to accommodate a greater plastic flow 
than in conventional applications. 

The investigation described was undertaken to 
obtain information on the effects of residual cold 
work on the mechanical properties of A.I.S.I. Type 
316 18-12-Mo stainless steel at room temperature 
and 1400°, 1600° and 1800°F. (760°, 870° and 980°C.). 
Short-time tensile and creep-elongation tests were 
conducted to determine the stresses required to 
produce elongations up to 10 per cent. in 2 minutes. 
The influence of welding on high-temperature 
properties was also studied, as were the stress/strain 
relationships up to 2300°F. (1260°C.). Test speci- 
mens were taken from sheet 0-058 in. (1-45 mm.) 
thick. 

On the basis of the data presented, the authors 
conclude that a pronounced delay in plastic flow 
can be brought about in Type 316 steel by the presence 
of residual strain hardening in the structure. At 
room temperature, material cold-worked 10 per cent. 
had a yield strength 100 per cent. higher than that 
of annealed material. At 1600°F. (870°C.) yield 
strength was increased 48 per cent. 

For short exposure times (of the order of 2 minutes), 
stresses approaching the tensile strength can be 
sustained at high temperatures with less than 10 per 
cent. elongation. A definite stress/strain relationship 
was found to exist for Type 316 stainless steel up to 
2300°F. (1260°C.) (when tensile strength was approx- 
imately 2,500 p.s.i.). 

Welding had the effect of appreciably lowering 
ductility, but strength properties were, in general, 
not decreased. 


Influence of Cerium and Calcium Additions on the 
Oxidation of Nickel-Chromium Resistance Heating 
Alloys 


V. SCHUMACHER: ‘Studies of Oxidation Reactions in 
Nickel-Chromium Resistance Heating Alloys.’ 


Zeitsch. f. Metallkunde, 1961, vol. 52, Apr., pp. 280-4 


Although it has been known for more than 20 years 
that small additions of certain materials (in particular, 
alkaline earths and rare earths) considerably improve 
the life of resistance heating alloys, the mechanism 
underlying their effect is still not completely explained. 
On the assumption that service life is determined by 
the adherence of the surface oxide and by the oxid- 
ation rate of the alloy, and that the addition elements 
therefore have an influence on these two factors, 
the author undertook a series of experiments to 
determine (1) the effects of cerium, cerium-oxide, 
calcium and calcium-oxide additions on the oxidation 


rate and oxide adhesion of 80-20 nickel-chromium 
resistance heating alloys, and (2) the relationship 
between oxidation behaviour and the life of the 
alloys. Specimens were subjected to tests involving 
temperature cycling in air to 1000°, 1100° and 1200°C., 
or continuous heating at high temperatures. 

The experimental data presented show that both 
the oxidation rate and the adherence of the oxide 
layer are considerably influenced by the additives 
studied, and that the life of resistance heating wires 
is related to both factors (and particularly to the 
adherence of the oxide layer). The mechanism 
underlying the beneficial effect of the alloying additions 
is discussed. 


Use of ‘Nimonic 80A’ for Electrical Precision 
Resistances 


W. SPYRA: ‘Application of “Nimonic 80A’ as a Material 
for the Production of Electrical Precision Resist- 
ances.’ 

DEW Technische Berichte, 
pp. 63-6. 


In nickel-chromium alloys rendered age-hardenable 
by titanium and aluminium additions, a structural 
condition occurs (immediately, it is suggested, prior 
to y’ precipitation) which is reported by Bungardt 
and Spyra to be associated with a rise in electrical 
resistance and a fall in the temperature coefficient 
of resistance. In the work now described, it was 
found that, by appropriate heat-treatment, advantage 
could be taken of this effect to render the commercial 
high-temperature alloy ‘Nimonic 80A’ suitable for use 
in highly stressed precision resistances. Properties 
required in a resistance metal include a high specific 
electrical resistance, a low temperature dependence 
of resistance, resistance to ageing, a low thermal 
e.m.f. against copper (the resistance metal is usually 
connected to copper leads), satisfactory cold-working 
and brazing characteristics, high strength, and cor- 
rosion-resistance. 

The study reported was carried out on ‘Nimonic 
80A’ specimens of the following composition: nickel 
73-17, chromium 19-40, titanium 2-52, aluminium 
1-33, cobalt 1-13, silicon 0-74, iron 0-62, manganese 
0-22, carbon 0-10, molybdenum 0-10, copper 0-06, 
phosphorus 0-012, nitrogen 0-01, boron 0-003, 
sulphur 0-007, oxygen 0-002, hydrogen 0-001, wt. 
per cent., tantalum/niobium trace. 

The data presented demonstrate that ‘Nimonic 80A’ 
specimens subjected to solution-treatment at 1150°C., 
followed by 2-5 hours at 550°C., exhibit, in the 
range 0°-200°C., a temperature coefficient of electrical 
resistance of +2-9.10-* °C.-1 at a specific resistance 
of 1°36Q-mm.?:m.-!. Compared with the widely 
used copper-manganese-nickel resistance alloy ‘Man- 
ganin’, ‘Nimonic 80A’ has a higher tensile strength 
and a specific resistance three times as high. ‘Nimonic 
80A’ readily lends itself to cold-working in the 
solution-treated condition, but cold-working after 
final heat-treatment should, it is recommended, be 
avoided. The differential e.m.f. against copper 
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was established as +3-3uV-°C.-1. There is no 
risk of variation in resistance as a result of ageing 
reactions during long-time service in the temperature 
range 0°-100°C., and short-time exposure at temp- 
eratures up to 400°C. is stated to be permissible. 


Properties of Nickel-containing High-Temperature 
Alloys Contaminated by Fused Salts 


A. MOSKOWITZ and L. REDMERSKI: 
Superalloys by Selected Fused Saits.’ 
Wright Air Development Division, Tech. Report 60-115, 
Mar. 1960; 75 pp. 


Salt corrosion at elevated temperatures in the pres- 
ence of oxygen is a problem that is well recognized 
in the case of titanium and titanium alloys: the 
salt appears to function as a catalyst, and trace 
amounts (such as may be deposited by finger prints) 
can lead to catastrophic attack. The possibility that 
nickel-base and other high-temperature alloys might 
be susceptible to a similar type of attack was of 
considerable interest to the United States Air Force 
in view of the proposal to use these alloys in advanced 
weapons systems. (Sources of contaminating salts in 
this instance would include fingermarks, marine 
environments and combustion products from missile 
fuels.) Though no information was available on the 
degree to which the salts would cause corrosion, it was 
anticipated that their detrimental effects would be 
accentuated if the alloys were in sheet form, since 
even very slight corrosion will appreciably reduce 
the effective thickness of materials initially only 
several thousandths of an inch thick. Corrosive 
attack may also give rise to the presence of stress 
raisers, and notch effects would be particularly 
important in the case of such notch-sensitive materials 
as ‘René 41’ and ‘M-252’. In the study described, 
therefore, the authors investigated the effects of 
salt contamination on the mechanical properties 
of sheet specimens of five high-temperature alloys. 
Four of the alloys studied (‘Inconel X’, ‘Inconel 702’, 
*‘M-252’ and ‘René 41’) were of nickel-chromium 
base; the other (“Haynes 25’) represented a cobalt- 
base alloy hardenable by cold working rather than 
by ageing. 

In experiments designed to establish the severity 
of attack, the specimens were aged, pre-oxidized, 
coated with potassium chloride or lithium fluoride, 
and then subjected to creep-rupture tests in the 
range 1600°-1900°F. (870°-1035°C.). Similar tests 
were carried out on uncontaminated specimens. 
Other phases of the test programme, intended to 
throw light on the corrosion mechanism, involved 
analysis of corrosion products, study of the effects 
of the thickness of the salt coating, tensile tests, 
tests on unoxidized specimens and on preoxidized 
longitudinal specimens, study of the influence of 
stress on the corrosion process, creep-rupture tests 
in an argon atmosphere, metallographic studies, 
and tests with sodium-sulphide coatings. 

A survey of the literature precedes the authors’ 
report of their experimental studies. 


‘Corrosion of 
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Thin coatings (1-5 mg./cm.*) of potassium chloride 
and lithium fluoride were found to cause severe 
corrosion of the alloys in air, resulting in accelerated 
failures during creep-rupture testing. On the basis 
of the creep-rupture tests, the alloys, both in the 
uncoated and salt-coated conditions, were graded 
in terms of performance, and ‘Haynes 25’, ‘René 41’ 
and ‘M-252’ were found to give the best results. The 
performance of ‘Inconel 702’ was less satisfactory, 
and that of ‘Inconel X’ the least satisfactory. 

The corrosion products consisted of oxides and 
spinels, and only very little corrosion, if any, occurred 
in the absence of oxygen. The presence of the salt 
prevented the normal formation of a protective 
oxide film, and X-ray-diffraction studies revealed 
differences between normal oxidation products and 
the oxide corrosion products resulting in the presence 
of salt. 

Corrosion occurred in the form of severe surface 
attack (with consequent erosion of metal), inter- 
granular penetration, and internal voids within the 
alloy. All of the alloys proved susceptible to each 
of these three types of corrosion. Grain-boundary 
separation effects due to stress (2,500 -10,000 p.s.i.) 
were also observed. 


See also 


A. MOSKOWITZ and L. REDMERSKI: ‘Corrosion of 
Superalloys at High Temperatures in the Presence of 
Contaminating Salts.’ 

Corrosion, 1961, vol. 17, June, pp. 305t-12t. 


In this paper the authors outline the scope, and 
discuss the salient findings of the investigation 
referred to in the previous abstract. 


Recent Developments in High-Nickel Corrosion- 
Resisting Alloys 


G. L. SWALES: ‘Recent Developments in High-Nickel 
Corrosion-Resisting Alloys.’ 

Corrosion et Anticorrosion, 1961, vol. 9, July/Aug., 
pp. 235-47. 


Nickel and such nickel-base alloys as ‘Monel’ 
and ‘Inconel’ have become established as materials 
of construction in the petrochemical industry, and 
their corrosion-resistance and applications have 
received considerable attention in the literature. The 
present paper, written to review some of the 
more recent developments in corrosion-resistant 
high-nickel alloys, covers (a) new alloys designed to 
meet the demands of the newer chemical processes, 
and (b) modifications made to established types of 
alloy to widen the scope of their application. 

The subject is discussed on the basis of the six 
alloy systems of particular importance. The main 
points of the review are indicated in the next column 
under the heads of these six systems. 

















(1) Nickel-Chromium System 

Attention is drawn to the properties and advantages 

offered by: 

(a) a new 65Ni-35Cr alloy evolved specifically for 
service involving exposure to nitric acid and 
nitric-acid/hydrofluoric-acid mixtures; 

(b) a new 60Cr-40Ni casting alloy exhibiting 
improved resistance to residual-oil-ash corrosion. 


(2) Nickel-Molybdenum System 

This section covers the factors involved in the severe 
localized intergranular attack to which nickel- 
molybdenum alloys have been found to be subject 
in areas adjacent to welds during exposure in hot 
hydrochloric acid and certain chlorides. Solutions 
to this problem are considered, and reference is 
made to the improved resistance to such attack 
exhibited by a vanadium-containing nickel-molyb- 
denum alloy (‘Corronel 220’). 


(3) Nickel-Molybdenum-Chromium System 

The author discusses the development, and outlines 
the properties, of a nickel-molybdenum-chromium- 
base alloy (originally named ‘INOR 8’ and available 
commercially as ‘Hastelloy N’) intended for service 
in contact with fused mixtures of fluorides in nuclear- 
reactor applications. 


(4) Nickel-Chromium-Copper-Molybdenum System 
This section covers improvements in nickel-chrom- 
ium-copper-molybdenum cast alloys widely used in 
applications involving exposure to hot sulphuric 
acid, phosphoric acid, nitric acid, nitric-acid/ 
sulphuric-acid mixtures, and a wide range of oxid- 
izing media. Particular attention is paid to ‘Illium 
98’, which, after homogenizing treatment, is claimed 
to exhibit higher resistance to 60-80 per cent. sulphuric 
acid at temperatures up to 80°C., and to offer useful 
resistance to 98 per cent. sulphuric acid at temp- 
eratures up to about 110°C. 


(5) Nickel-Chromium-Iron System 

Reference is made to the properties and advantages 
offered by nickel-chromium-iron-molybdenum-(cop- 
per) alloys (“Ni-O-Nel’ and ‘Hastelloy F’), developed 
to possess resistance to a wider range of oxidizing- 
and reducing-acid environments, and to exhibit a 
greater resistance to pitting and stress-corrosion 
cracking, than the chromium-nickel austenitic stain- 
less steels. 


(6) Nickel-Tungsten System 
Mention is made of a 55Ni-45W alloy suitable for 


rocket-engine applications involving exposure to 
fuming nitric acid. 


Statistical Study of the Susceptibility of 18-8-Type 
Steels to Intergranular Corrosion 


F. GOBIN: ‘Statistical Study of the Susceptibility of 
18-8-type Steels to Intergranular Corrosion.’ 
Corrosion et Anticorrosion, 1961, vol. 9, pp. 119-31. 


The statistical study reported was carried out to 
throw light on the individual effects, on the suscept- 
ibility of 18-8 stainless steels to intergranular cor- 
rosion, of such factors as carbon content, grain- 
size and stabilizing additions of titanium or niobium. 


Corrosion tests were conducted on more than 
1000 specimens of stainless steel (ranging in type 
from 18-8 and low-carbon 18-10, to molybdenum- 
containing and titanium- or niobium-stabilized 
grades), and the data obtained were subjected to a 
statistical analysis, on the basis of which the author 
developed an equation for use in determining whether 
a steel of given composition and grain-size can be 
considered susceptible or not to intergranular 
corrosion. The equation permits calculation of the 
Cm value (the minimum carbon content compatible 
with resistance to attack) which is then compared with 
the carbon content, C. If Cm-C gives a negative 
value, the steel is deemed susceptible; if the value is 
positive, the steel is probably resistant. 

With regard to the mechanism of intergranular 
corrosion, the data obtained in the study are regarded 
as supporting the classical hypothesis of chromium 
impoverishment at the grain boundaries. 


Anodic Polarization and Passivity of Nickel and 
Nickel—Copper Alloys in Sulphuric Acid 


See abstract on p. 212. 


Resistance of Nickel-containing Materials to Boiling 
Potassium Carbonate Saturated with Carbon Dioxide 
and Hydrogen Sulphide 


D. BIENSTOCK and J. H. FIELD: ‘Corrosion of Steels 
in Boiling Potassium Carbonate Saturated with 
Carbon Dioxide and Hydrogen Sulphide.’ 


Corrosion, 1961, vol. 17, July, pp. 337t-9t. 


In developing the hot-carbonate process for scrubb- 
ing carbon dioxide and hydrogen sulphide from 
gas mixtures with a potassium-carbonate solution, 
corrosion of the steel equipment was encountered 
which was particularly severe when carbon dioxide 
was scrubbed. Re-boiler tubes were attacked, and 
erosion of pump impellers, valve seats and piping 
downstream from the pressure letdown valve 
occurred. Since no experimental corrosion data 
were available for this reaction mixture at 110°C., 
the laboratory investigation described in the present 
paper was undertaken to obtain information on the 
corrosion-resistance of relevant materials. 

The steels for which corrosion data are presented 
are correlated below with the boiling solutions to 
which they were exposed (in the form of disc speci- 
mens) during the test programme. 


(1) K,CO, (carbon steel). 

(2) K,CO,/CO, (carbon steel; Type 304 18-10 
chromium-nickel steel; Type 347 18-11-Nb steel; 
Type 410 chromium stainless steel; ‘Monel’). 

(3) K,CO,/CO./H.S (carbon steel; Type 304, 347 
and 410 stainless steels; wrought iron). 

(4) K,CO,/H.S. 


The data presented confirm that boiling solutions 
of potassium carbonate saturated with carbon 
dioxide are highly corrosive: a solution containing 
40 per cent. of potassium carbonate corroded carbon 
steel at the rate of 340 mil/year. The ‘300’ series of 
stainless steels (Types 304 and 347) suffered negligible 
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attack in this solution (the corrosion rate was estab- 
lished as about 1 mil/year), and ‘Monel’ (with a 
corrosion rate of 0-1 mil/year) was found even more 
resistant to attack. The behaviour of Type 410 
stainless steel was similar to that of carbon steel. 

In the presence of both hydrogen sulphide and 
carbon dioxide, corrosion rates fell considerably, 
and a 40 per cent. solution of potassium carbonate 
saturated with carbon dioxide and hydrogen sulphide 
(and containing 0-3-10 per cent. hydrogen sulphide) 
corroded carbon steel at 10 mil/year, a rate which 
the authors consider is tolerable in equipment of 
satisfactory design. 


Corrosion of Stainless Steel in Tropical Environments 


B. W. FORGESON, C. R. SOUTHWELL and A. L. ALEXANDER: 
‘Corrosion of Metals in Tropical Environments. 
Part 5—Stainless Steels.’ 

U.S. Naval Research Laboratory, 
Sept. 19, 1960; 20 pp. 


In previous reports the authors have presented 
data on the corrosion behaviour of metals, structural 
steels and wrought iron in tropical environments (see 
abstract in Nickel Bulletin, 1959, vol. 32, No. 5, 
pp. 160-1). In this report, the fifth in the series, they 
record and comment on data derived from tests in 
which various grades of stainless steel were exposed 
under a variety of conditions in the Panama Canal 
Zone. 

Corrosion-resistance was assessed in terms of 
behaviour at four test sites, involving: (a) exposure 
to marine atmospheres; (b) exposure to inland tropical 
atmospheres; (c) total immersion in a fresh-water 
lake; (d) total immersion in sea water and exposure 
at half-tide elevation. Six grades of stainless steel 
were selected for evaluation: (1) A.I.S.I. Type 410 
13% chromium martensitic steel; (2) Type 430 
17% chromium ferritic steel; (3) Type 301 17-7 
chromium-nickel austenitic steel; (4) Type 302 
18-8 chromium-nickel austenitic steel; (5) Type 316 
18-13-2 chromium-nickel-molybdenum austenitic 
steel; (6) Type 321 titanium-stabilized 18-10 chrom- 
ium-nickel austenitic steel. Steels (1), (2), (3) and 
(5), and control specimens of phosphor bronze and a 
nickel-molybdenum-copper low-alloy steel, were 
subjected to environments (a) and (5). Steels (1), 
(4), (5) and (6), and control specimens of phosphor 
bronze, mild steel and Naval brass, were exposed at 
sites (c) and (d). Ten replicate specimens of each 
material tested were installed at each site, enabling 
the panels to be removed at intervals of 1 year, 2 
years, 4 years, 8 years and 16 years. Bimetallic 
couples were included in the programme as a means 
of evaluating galvanic-corrosion effects. 

After exposure, the specimens were cleaned, weighed, 
measured, inspected and photographed, and an 
assessment was made of the depth of pitting. The 
authors’ review of the corrosion data recorded, 
and their comparison of the behaviour of the different 
materials under the various test conditions, lead them 
to draw the conclusions listed in the right-hand 
column. 


Report 5517, 
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‘1. Eight-year immersion studies of various stainless- 
steel alloys in the tropical waters of the Panama 
Canal Zone disclose that the stainless steels are 
severely pitted during sea-water immersion, and the 
mean tide location produced only one-fourth to 
one-tenth the total damage; the metals are practically 
unattacked during immersion in fresh water. 


‘2. Comparison of sea-water attack on 18-8 stainless 
steel reveals that twice as much corrosion occurred 
in tropical sea water as was found on the West 
Coast of the United States, at Port Hueneme, Cali- 
fornia, and two-and-a-half times as much as at an 
East Coast site, Kure Beach, North Carolina. The 
greater pitting attack in tropical sea water is probably 
caused by the very heavy marine fouling attachment, 
which interrupts the passivity of stainless steel and 
initiates active-passive cell corrosion. 


‘3. ‘Deep elongated gravity-guided pitting attack 
occurred on all the high-chromium-nickel austenitic 
alloys; the martensitic stainless without nickel cor- 
roded in an entirely different manner. This leads 
to the supposition that nickel may have a role in 
the formation of heavy acidic chlorides that cause 
the elongated attack. 


‘4. Because of its vulnerability to pitting attack in 
sea water, 18-8 stainless steel is inferior to phosphor 
bronze for this service; pitting depth was also greater 
than that found for ordinary carbon steel. Stainless 
is not recommended for sea-water service where 
perforation of structure is a consideration. 


‘5. Stainless steels give excellent results in tropical 
fresh water, where they were found to be much super- 
ior to ordinary steels and equal to phosphor bronze, 
which is practically non-corrosive in this environment. 


‘6. Of the four stainless steels exposed underwater, 
the alloy containing 18 per cent. chromium, 13 per 
cent. nickel, and 2 per cent. molybdenum was 
superior in the sea-water studies, but even this 
superior stainless steel was perforated in just one 
year in tropical sea water. The frequency of pitting 
was reduced by the alloying constituents, but when 
pits did become established the rate of penetration 
was unchanged. 


‘7, Galvanically, stainless-steel plates coupled to 
carbon-steel strips at a 6°5:1 area ratio caused a 
considerable increase over the normal corrosion of 
the carbon-steel strips in tropical waters. In sea 
water the increase amounted to five times as much 
weight loss, and in fresh water approximately twice 
as much. The effective difference of the three differ- 
ent stainless steels on the plain carbon steel was slight. 


‘8. Complete protection of all the stainless-steel 
plates was afforded by the coupling of carbon-steel 
strips at a 6:5:1 plate-to-strip area ratio. A phos- 
phor-bronze strip for this same ratio accelerated 
the corrosion of the stainless alloyed with 13 per cent. 
chromium, protected slightly the 18 per cent. chrom- 
ium and 8 per cent. nickel stainless, and gave complete 
protection to the 18 per cent. chromium, 13 per cent. 
nickel, and 2 per cent. molybdenum stainless steel. 


‘9, For the stated conditions, the tropical atmospheres 
were practically non-corrosive to stainless steels, 











while bronze suffered some weight loss at both the 
inland and seacoast exposure stations; structural 
low-alloy steel was both pitted and reduced in thick- 
ness in both these atmospheric environments.’ 


See also 


A. L. ALEXANDER, C. R. SOUTHWELL and B. W. FOR- 
GESON: ‘Corrosion of Metals in Tropical Environ- 
ments. Part 5. Stainless Steels.’ 

Corrosion, 1961, vol. 17, July, pp. 345t-52t. 


The information presented is the same as that given 
in the report abstracted above. 


Corrosion of Nickel-containing Steels in Canadian 
Atmospheres 


E. V. GIBBONS: ‘Atmospheric Corrosion Testing of 
Metals in Canada.’ 


Corrosion, 1961, vol. 17, June, pp. 318t-20t. 


In 1950 a test programme was initiated in Canada 
(under the aegis of the Associate Committee on 
Corrosion of the National Research Council) with 
the aim of obtaining a better understanding of the 
behaviour of relevant architectural and structural 
materials in Canadian atmospheres. Twelve speci- 
mens of each material evaluated were exposed at 
each of eight test sites, enabling three specimens to 
be removed for study after exposure periods of one 
year, two years, five years and ten years. The data 
obtained after two years’ exposure were summarized 
and discussed in a report (issued by the National 
Research Council of Canada in February, 1960) 
abstracted in Nickel Bulletin, 1960, vol. 33, No. 11, 
pp. 284-5. In the present paper, the author outlines 
the salient findings of an assessment of the atmo- 
spheric corrosion-resistance of specimens removed 
during the first five years of exposure. 


The following materials were tested: ‘3S’, ‘57S’ 
and ‘65S’ aluminium alloys; mild steel, zinc and 
copper riveted to ‘3S’ aluminium alloy to form gal- 
vanic couples; carbon steel; copper-bearing steel 
(0:205 per cent. copper); copper-nickel-bearing 
steel (copper 0-738, nickel 0-68, per cent.); A.I.S.I. 
Type 302 (18-8), 316 (17-13-Mo), and 430 (17 per 
cent. chromium) stainless steels; ‘AZ80° and ‘ZK61’ 
magnesium alloys; rolled zinc. The eight test sites 
were selected to enable evaluation of the effects of 
the following environments: high-humidity and low- 
humidity rural (Ottawa and Saskatoon); industrial 
(Montreal); industrial-marine (Halifax); marine (York 
Redoubt); far-northern (Norman Wells); marine 
(Rocky Point); semi-industrial (Trail). 

Corrosion data are presented for the three aluminium 
alloys and the six steels studied. The author’s 
assessment of the corrosion-resistance of the various 
groups of material tested leads him to draw the 
following conclusions: 


‘In all cases, the Halifax industrial-marine site was 
by far the most corrosive of all the sites. Montreal, 
Trail and York Redoubt were considerably less 
corrosive, and the metal loss at these sites was in 


many instances similar. These sites were followed, 
in order, by Ottawa, Saskatoon and Rocky Point; 
Norman Wells was found to have the least corrosive 
atmosphere. The aggressiveness of the Halifax 
site is attributable in part to the high level of atmo- 
spheric sulfur dioxide which influences the rate of 
corrosion. 

‘The corrosion performance of the various metals 
indicated that the penetration rate of the stainless-steel 
alloys was the lowest for the three different exposure 
periods. Almost no corrosion took place with these 
alloys except at the Halifax site. The aluminium 
alloys were the next lowest, followed by the rolled 
zinc. Except for the two Halifax area sites, mag- 
nesium alloy ‘AZ80’ showed better corrosion-resist- 
ance than the three steel alloys. The copper-nickel- 
bearing alloy showed considerably better corrosion- 
resistance than the ‘ZK61’ magnesium alloy, with 
the carbon steel and the copper-bearing in general 
just slightly better. 

‘The faying surfaces of the ‘3S’ aluminium sheet 
in the lapped bimetallic, riveted joints were pro- 
tected by zinc, but were adversely affected by copper 
and mild steel. 

‘The rate of corrosion of the different metals almost 
invariably decreased with time. There were excep- 
tions to this at some locations for rolled zinc and 
both magnesium alloys.’ 


Strain Strengthening of 18-8 Stainless-Steel Bar 


W. HAMMER, L. STEMANN and E. E. WEISMANTEL: 
‘Strain Strengthening of Type 304 Stainless Steel.’ 
Amer. Soc. Testing Materials, 1961, Preprint 83; 
9 pp. 

A.LS.I. Type 304* stainless-steel sandwich panels 
(employed, for example, as high-strength structural 
materials in rockets and high-speed aircraft) are 
assembled by being welded to machined stainless- 
steel joining bars. The joining bars were initially 
used in the annealed condition, but, as design 
conditions changed and weight became more of 
a problem, annealed bar material no longer gave 
the required strength/weight ratio at the high tem- 
peratures to which the sandwich assembly is sub- 
jected in service. The authors explored the possibility 
of using cold-worked stainless steel, but found that 
cold-rolled material exhibiting the required yield 
strength in section sizes up to 14 in.x 3 in. was 
not available. Since the problems entailed in 
using such alternative materials as the precipitation- 
hardenable or heat-treatable stainless steels were 
prohibitive, the investigation now described was 
undertaken in an attempt to apply the work- 
hardening characteristics of austenitic steel to the 
production of bar exhibiting a yield strength of 
100,000 p.s.i. min. (44°5 t.s.i.: 70-5 kg./mm.’) in 
the sizes desired. 

The study comprised two phases. In the first, 
the straining characteristics of various heats of 





* Composition limits: carbon 0-08 max., manganese 2 max., silicon 
1 max., phosvhorous 0-045 max., sulphur 0-03 max., chromium 
18-20 nickel 8-12, per cent. 
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Composition of Cast Stainless Steels 
(See abstract below) 























Composition, per cent.* 
eid C Mn Si Cr Ni Other elements 

CF-8+ 0-08 1-5 2-0 18—21 8—11 — 
(A.LS.I. 304) 0-08 1-5 1-5 17—20 9—12 - 

CF-3 0-03 1-5 1-5 18—21 9—12 _ 
CF-8Mf 0-08 1-5 1-5 18—21 9—12 Mo 2—3 
(A.LS.L. 316) 0-08 1-5 1-5 16—18 10—14 Mo 2—3 
CF-3M 0-03 1-5 i Loaf 18—21 10—13 Mo 2—3 
CF-8Ct 0-08 1-5 2:0 18—21 9—12 Nb 8xC, 1 max. 

















* Maximum values unless shown as range. 


Type 304 stainless steel was evaluated, on the basis 
of true stress/strain curves, as a function of per cent. 
Strain, specimen geometry, specimen length, and 
subsequent ageing. In the second phase of the 
programme, the machinability of strained bars 
was investigated. (In complementary work, pre- 
viously reported by STEMANN and WEISMANTEL, 
information was obtained on the properties of 
weldments in cold-worked austenitic steel (see 
abstract in Nickel Bulletin, 1960, vol. 33, No. 12, 
pp. 325-6).) 

The test results indicate that cold straining can 
raise the tensile yield strength of stainless steel to 
the required value of 100,000 p.s.i. (44:5 t.s.i.: 
70:5 kg./mm.?), a strength level which could, it 
is considered, be increased even further by additional 
development work. Compressive yield strength is 
estimated to be approximately 70 per cent. of the 
tensile yield strength. 

The machining, forming and welding experiments 
carried out suggest that it is no more difficult to 
fabricate cold-strained austenitic bar material than 
other austenitic materials in current use. 


Low-Temperature Tensile and Impact Properties of 
Cast Stainless Steels 


E. R. HALL: “Tensile and Impact Properties of Cast 
Stainless Steels at Cryogenic Temperatures.’ 


Amer. Soc. Testing Materials, 1961, Preprint 80f; 9 pp. 


Although the use of austenitic stainless steels for 
low-temperature applications is well established, their 
low-temperature properties have been evaluated 
mainly on wrought grades and relatively few data are 
available for cast steels. The work described by the 
author was undertaken to obtain information on the 
low-temperature properties of the seven steels listed 
in the table above, selected for study as representative 
of the cast grades commercially available. 

The A.1.S.I. Type 304 and 316 grades were fully 
austenitic; the microstructures of the other five would 
normally contain 0-15 per cent. delta ferrite distri- 
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{ Standard A.C.I. and A.S.T.M. (A-296, A-351) Grades. 


buted throughout the austenitic matrix. Specimens 
of each steel, taken from solution-treated tapered keel 
bars cast from production heats, were subjected to 
tensile tests and Charpy keyhole impact tests at tem- 
peratures ranging from +70° to —430°F. (+20° to 
—257°C.). In the case of the CF-8C grade, the 
properties of weldments were also evaluated. 

None of the steels exhibited a ductile/brittle transi- 
tion, and all retained useful ductility and toughness 
down to the lowest test temperature. No tendency to 
embrittlement was observed in steels containing delta 
ferrite. The results indicate that a low-carbon con- 
tent, irrespective of whether the carbon is in solution 
or precipitated, favours high toughness. Due to the 
strengthening influence of martensitic ferrite forma- 
tion during straining, tensile strength increased 
rapidly with decrease in temperature. 

Specification of Charpy values for austenitic steels 
is regarded as of doubtful significance, and, on the 
basis of the data presented, the author considers that 
a lower yield-strength/tensile-strength ratio at sub- 
zero temperatures provides a better assurance of 
toughness than test-dependent data on _ tensile 
ductility and notched-bar impact resistance. 


Welding Type 410 Stainless Steel to ‘Inconel’ 


J. D. CAREY: ‘Welding Type 410 Stainless Steel to 
‘Inconel’.’ 

U.S. Atomic Energy Commission, Report KAPL-2087, 
Mar. 25, 1960; 8 pp. 


The work described by the author was carried out 
in an attempt to satisfy design requirements for 
nuclear-reactor plant, fabrication of which entailed 
welding A.I.S.I. Type 410 12 per cent. chromium 
stainless steel to the nickel-chromium-iron alloy 
‘Inconel’. 

To determine whether welds could be produced 
to meet nuclear-quality requirements, three pairs 
of plates [? in.x 12 in.x 4 in. (19 mm.x 30 cm. x 
10 cm.) in size, with a 30-degree bevel on one 12-in. 











edge] were welded, using %e2-in.-diameter (4-mm.- 


diameter) ‘INCO BP-85’* electrodes, under the 

following conditions: 

(1) Root spacing, with baal 
backing . : }; in. 
Preheat and interpass 
temperature 450° +25°F. 

(230° + 14°C.) 

Current DCRP .. 115-125 amp. 
Arc : se a aa volts. 
Number of layers F ee 
Number of beads I 


The plate was air-cooled to room temperature 
following completion of welding. Heat-treatment 
was applied within 20 hours after cooling as follows: 
1, The plate was heated to 1800°F. (980°C.) at a rate 
not exceeding 200F.°/hour (110C.°/hour), quenched 
and equalized 1 hour in a 1050°F. (565°C.) salt 
bath, and air-cooled to room temperature. 

2. The plate was tempered at 1125°F. (605°C.) 
for 4 hours and air-cooled. 


(2) As for (1), with the exception that subsequent heat- 
treatment (within 20 hours) consisted only of 
tempering at 1125°F. (605°C.) for 4 hours and 
air-cooling. 





* For further information on this electrode see report by 
OWCZARSKI abstracted in Nickel Bulletin, 1961, vol. 34, No. 7-8, 
p. 200, and the literature to which attention is drawn in the abstract. 





(3) The plates were welded without preheating, and 
subjected to the postweld heat-treatment given in (1). 
No fissures or cracks were observed in side-bend 
specimens taken from the three welds studied, and 
transverse tensile bars tested at room temperature 
and 650°F. (345°C.) all fractured outside the weld 
zone. The room-temperature properties exhibited 
by bars taken from two of the weld plates exceeded 
those for ‘Inconel’ basis metal (ultimate strength 
80,000 p.s.i.; yield strength 30,000 p.s.i.). The 
highest tensile and yield strengths were obtained by 
employing a preheating and interpass temperature 
of 450°-+-25°F. and quenching and tempering. 
Specimens of ‘Inconel’/Type 410 weldments tested 
for 4000 hours in high-temperature water exhibited 
no evidence of stress corrosion or galvanic corrosion. 





ANALYSIS 


Colorimetric Micro-Determination of Nickel 
See abstract on p. 212. 


Attention is drawn to the fact that many of the names of materials mentioned in The Nickel Bulletin are Trade Marks. 
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